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ABSTRACT 
Building contractors are unhappy about the existing post-tender use of the bills of 
quantities, particularly the way in which data produced by the estimator may be 
independently produced again or amended to a suitable format by other management 
functions. This research aimed at proposing better formats and presentations for the 
estimating data in order to reduce the repetition and re-work involved in the post-tender 
use of estimating data, hence to reduce the complexities in data flow in building 
contractor organizations. The work was primarily carried out for the Sri Lankan 
industry. 
To establish the scale and nature of the problem, past work on the format and 
presentation of estimating data and its current management was studied through 
literature, interviews and discussions with professionals in ten case studies. Proposals 
were formulated defining; an efficient classification and coding system, a well defined 
library structure, a new format to the contractor's copy of the estimate, and effective 
uses of the computer. The main proposal was to split the unit rate into its components 
and to provide a breakdown of resource requirements for each bill item. The documents 
prepared in two test projects were used to demonstrate the feasibility of the proposals in 
the earlier case studies, and feedback was obtained on the use and extent of use of the 
improved estimate in post-tender works. A live project was undertaken to investigate 
the practicability of implementing of the proposals. Finally, an independent survey, 
without disclosing the results derived from test projects, case studies and the live 
project was carried out to assess the acceptability of the proposals in the whole 
industry. All practical work was undertaken in Sri Lanka. 
The main conclusions derived from these works are; 
* Any research that would investigate the contractor's efficient post-tender use of 
estimate should be addressed to contractor organizations; and any proposal that would 
improve the contractor's data management should be based on contractor's 
presentation of the estimate. 
* Although the contractors widely use the estimate in their management functions, the 
full potential is not obtained throughout the contract. Substantial re-work exists in the 
use of estimate in contractor's post-tender works. The average extent of use of the 
estimating data was measured at 50% the other 50% of data required re-work. 
* Proposals presented in this research would increase the extent of use of the estimate, 
hence improve the contractor's data management. The new average extent of use of 
estimating data (after the introduction of proposals) derived from case studies was 
ii 
75%. This new average, when compared with the earlier average (50%) showed a 
50% possible improvement in the extent of use of estimate in the industry. 
Test projects, the live project and the independent survey, all showed that the 
proposals are not only feasible and practicable to implement in contractor 
organizations, but also acceptable in the whole industry as solutions which would 
improve the extent of use of the estimate and reduce the complexity of data flow in 
contractor organizations. 
The significance of these conclusions is that any contractor organization can adopt the 
proposals to improve their management because not only has their practicability been 
investigated but also their acceptability in the whole industry in Sri Lanka as a solution 
to data complexities is established. The conclusions are also of value to other countries. 
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Chapter I 
INTRODUCTION 
1.1 BACKGROUND TO THE RESEARCH 
1.2, SRI LANKAN BUILDING INDUSTRY 
1.3 OBJECTIVES OF THE RESEARCH 
1.4 METHODOLOGY 
1.5 MAIN ACHIEVEMENTS 
1.6 GUIDE TO THESIS 
1.1 BACKGROUND TO THE RESEARCH 
Work connected with the construction of a new building, or with alternations and 
additions to an existing building, is invariably the subject of a contract agreement. The 
essence of such a contract is that the contractor promises to construct the building as 
shown on the drawings and in accordance with the detailed specification in return for a 
certain sum of money, known as the 'contract surri!. Virtually all building contracts are 
obtained by competition between contractors, and the subject of contractors' estimating 
consists of the process involved in arriving at the contract sum. In recent years 
negotiated contracts have become more fashionable but the ability of both parties to be 
able to understand and appreciate the estimating process is the basis of such successful 
negotiation. 'Me contractor can forward this 'contract sum! as a lump-sum figure or as a 
bill of quantities (B. O. Q. ) depending on the type of contract. 
A contract which is based upon bills of quantities has the drawings, B. O. Q. and form 
of agreement as the contract documents. The B. O. Q. is usually prepared for the client 
by a professional quantity surveyor. This B. O. Q. specifies the material and method of 
work to be used as well as the quantities of work to be done; in fact all the information 
that will affect the price. Ac' ontractor uses this B. O. Q. to derive the estimate at the 
tendering stage, and then to extract relevant data for subsequent works such as 
purchasing, planning and site management at the construction (post-tender) stage. It had 
been observed (McCaffer and Tyler 1987) that contractors prepare an internal B. O. Q. 
for these purposes even in contracts which do not demand the presence of B. O. Q. 
The Banwell Report (Banwell 1964) recognized that 
* 
although the B. O. Q. s are primarily 
devised for tendering and allied purposes, it should not be their only function. The data 
prepared at the estimating stage could be used for purposes other than tendering, 
including costing, bonusing, ordering, programming and controlling.. However, 
professionals in the building construction industry were unhappy 'about the existing 
post-tender use of the B. O. Q. (Farrar and Malthouse 1969), particularly the way in 
which data produced by the estimator may be independently produced again or amended 
to a suitable format by others, either because they are unaware that the data already 
exists, or because it is not available in the correct format for their requirements. In fact, 
the re-work and repetition observed in the data flow in building contractor organizations 
were found to be substantial. Therefore, research was necessary to obtain a better 
format for the existing B. O. Q. to improve the contractor's post-tender use of the 
estimate. 
2 
During the past four decades, numerous research projects have been carried out to 
derive a better format for the B. O. Q.. These were; Elemental Bill (Rose 1956), 
Sectionalised Trades Bill (Nott 1963), Operational Bill (Forbes and Skoyles 1963), 
Bills of Quantities -Operational Format- (Skoyles 1968), B. P. F. System -Schedule of 
Activities- (British Property Federation 1983) and Builders' Quantities (Pasquire and 
McCaffer 1985a). However, no one had investigated the reasons for the complexity in 
data flow, hence these presentations overlooked the actual needs of the industry. All 
methods had concentrated on the use of the estimate, but not the extent of use of the 
estimate; hence attempted to improve the post-tender use of the estimate without 
realizing that reduction in re-work in the existing post-tender use of the estimate was the 
requirement to improve the efficiency in data management. 
Except for Builders' Quantities, all of the above proposals have attempted to address the 
client or consultant to obtain better formats to the conventional B. O. Q. for contractors' 
efficient post-tender use. However, since most of the benefits cited were aimed at the 
contractor, clients and consultants had taken little'interest on these new approaches 
(Pasquire and McCaffer 1985a). The mismatch between what the client required from 
the B. O. Q. and what the contractor required from it at the post-tender work also 
contributed to this lack of interest. Therefore, any research that would study a 
contractoes efficient post-tender use of estimate should be addressed to contractor 
organizations, and any proposal that would improve the contractor's data management 
should be based on contractor's preparation of the estimate. I 
Formats, which are only applicable to special types of contracts such as turnkey or 
design-and- build (BPF and Builders' Quantities) would create confusion and 
complexities'in organizations which administer different types of contracts. In fact, 
contractors prepare an internal B. O. Q. for these types of contracts. Furthermore,. 
literature survey and case studies in this research revealed that, any revolutionary 
deviation from the conventional B. O. Q. would create more complexities in contractor 
organizations. Therefore, research is required to address the contractor organizations to 
propose better formats for their preparation and presentation of the estimate 
(contractor's copy of the estimate) within the limitation of the conventional rules in the 
Standard Method of Measurement (SMM). 
1.2 SRI LANKAN BUILDING INDUSTRY, 
I 
The size of awarded construction contracts in the Sri Lankan Building Industry varies 
from Fifty thousand Rupees (Rs. ) (If= 75 Rs. )'for small buildings to Five hundred 
3 
million Rupees for luxury hotels. The work can be broadly categorized into three 
sectors; (1) Small scale work (value < Rs. 1 million), (2) Medium scale work (value 
between Rs. 1 to 5 million) and (3) Large scale work (value > Rs. 5 million). The 
annual total value of the work in the industry is approximately 12.5 Rupees billions. 
This comprises of 6 billion Rupees in small scale work, 4 billion Rupees in medium 
scale work and 2.5 billion Rupees in large scale work. 
The larger proportion of work is in the small scale sector because of the Sri Lankan 
Government's housing policy. The present Government's policy is to build one 
hundred thousand small houses per year for ten years so that each family would own a 
house at the end of the period. The cost of one of these houses is usually around Fifty 
thousand Rupees to construct. This means that this housing policy approximately 
provides Five billion Rupees worth of work each year to the industry. In addition to 
these Government houses, the small sector comprises private house construction for 
individuals, contributing approximately One billion Rupees a year to the industry. The 
cost of a private house varies from Two hundred thousand to One million Rupees. 
Work in the medium scale sector comprises; infra-structure for major. projects (eg: 
Mahaweli Irrigation Project), buildings in school complexes, hospital complexes and 
technical colleges. Although the average cost of an individual building is around Four 
million Rupees, the total value of such a project may amount to Hundred million 
Rupees. Large scale work is in commercial buildings, mainly luxury hotels, major 
hospitals and large super markets. The cost of a building in this sector varies from Five 
million to Five hundred million Rupees. 
Government funded projects with Government appointed organizations as the 
consultants are usually in the small and medium scale sector. 7111e construction of these 
projects is undertaken both by private 'and state organizations. However, more than 
50% of the work is given to the state organizations. Large scale work are usually 
funded by private organizations, and basically is carried out by private consultants and 
private contractors. Foreign consultants and contractors are also employed in this 
category of work. 
1.3 OBJECTIVES OF THE RESEARCH 
It was against this background that the research described in this thesis was developed. 
The overall objective of the research was "to propose solutions in order to reduce the 
repetition and re-work involved in the post-tender use of estimating data, hence to 
reduce the complexities in dataflow in building contractor organizations". , 
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The sub-objectives were: 
(a) to evaluate the past proposals and current concepts, 
(b) to study the flow of data within and between management functions, groups and 
tasks in building contractor organizations, 
(c) to observe the use and extent of use of the estimate in post-tender works, 
(d) to establish the prevalent/actual need in the industry, 
(e) to introduce better formats and presentations to the contractor's estimating data in 
order to reduce the re-work in contractor's post-tender use of the estimate, 
(f) to study the feasibility of administering the proposals in typical building projects, 
and 
(g) to observe the practicability of the implementation of the proposals. 
1.4 METHODOLOGY 
To achieve the objectives, this research comprised the following; a literature review, 
case studies, formulation of proposals, test projects, a live project and investigation on 
professional acceptance. Ilese work were carried out in four phases; 
(1) Identification of the problem (literature survey and case studies), 
(2) Formulation of solutions to the problem (Proposals), 
(3) Investigation of validity of the solutions (test projects, live project and professional 
acceptance), and 
(4) Deduction of conclusions and recommendations. 
Identification of the Droblem I 
The past work on the format and presentation of estimating data was reviewed. In 
particular, different types of formats to the B. O. Q. were studied. The concepts be hind 
these different formats were investigated. Previous research work on post-tender use of 
the estimate and data management in contractor organizations were reviewed to establish 
the current knowledge. Different types of classification and coding systems available to 
classify the data were investigated. Computer Aided Estimating and the practicability of 
Integrated Systems were critically evaluated. Successes or drawbacks of these concept s 
were investigated to observe the prevalent need in the industry. 
The current management of estimating, data in the industry was observed through 
interviews and discussions with professionals in ten case studies. A well structured 
questionnaire was used to extract information in these interviews and discussions. 
Management functions, management groups and management tasks were identified and 
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analysed during these case studies to establish the data flow within and between them. 
Further investigations of eight case studies (out of above ten) were undertaken to 
observe the use and extent of use of the estimate for post-tender works. Suggestions 
and comments from professionals regarding previous concepts were gathered to 
observe the drawbacks and their irrelevancy to the problem, thus to establish the actual 
need in the industry. ý - 
Formulation of solutions to the problem 
Proposals were formulated based on the above literature survey and observations on the 
current industry. These proposals were aimed at defining an efficient classification and 
coding system, a well defined library structure, a new format for the contractor's copy 
of the estimate and effective uses of the computer. Guide lines were prepared to 
illustrate the method of preparing the contractor's copy of the estimate. Proposals were 
developed in three stages. In the first stage, basic presentations were defined. The 
second stage was the feasibility study, and collection of suggestions and comments on 
these basic presentations from the professionals in the industry. This was carried out 
during the test projects and preparation of guide lines. The third stage was the 
refinement of final proposals based on the observations, suggestions and criticisms 
derived for basic presentations. 
Investigation of validityof the solutions - 
Two test projects (typical building projects) were undertaken with the consultation of 
the estimators to observe the feasibility of administering the proposals. These test 
projects were demonstrated to the same professionals in the earlier eight case studies, 
and feedback was obtained on the use and the extent of use of the improved contractor's 
copy of the estimate in post-tender works. However, because of the restriction in the 
duration of this research, the professionals were asked-to feedback their perceptions. 
With the experience they had on the conventional'format of'the estimate and its 
associated problems, these professionals were able to perceive the benefits of the new 
contractor's copy of the estimate. 
Next, a live project was carried out in order to observe the practicability of 
implementing of the proposals. This live project, in which two estimates, one according 
to the conventional practice and another according to the new approach have been 
prepared, in fact was a parallel study. In this study, contractor's management functions 
were asked to observe and compare the use of new format against the conventional 
estimate for post-tender work. Feedback obtained was used to derive conclusions on 
the improvement of data flow. 
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After the live project, an independent survey without disclosing the results derived from 
test projects, case studies and the live project, was carried out to observe the 
acceptability of the proposals in the whole industry. Estimators, site agents, quantity 
surveyors, project managers and top managers from contractors, consultants, clients 
and other professional bodies were interviewed to fulfil this activity. 
Deduction of conclusions and recommendations 
In the final phase of this research, conclusions and recommendations were derived 
based on the literature survey, case studies, test projects, live project and the acceptance 
survey. 
1.5 MAIN ACHIEVEMENTS 
The objective of this research was to reduce the complexity in contractor's data 
management by introducing better presentations to the contractor's estimating data. 
Many professionals have identified that by changing'the format of the bill, a better use 
of the estimate would be facilitated. Therefore, various new formats for the 
conventional practice had emerged during the past four decades, which were; Elemental 
Bill, Sectionalised Trade Bill, Operational Bill, Bill of Quantities (Operational Format), 
BPF System and Builders' Quantities. However, all of these methods had concentrated 
on the use of the estimate, but not the extent of use of the estimate. No one had 
investigated the reasons for the complexity in data use, hence these presentations lacked 
the actual need in the industry. In this research, proposals have been prepared after an 
extensive study on the extent of use of the estimate for post-tender works in Building 
Contractor Organizations. Existing practices in building contractor organizations also 
have been critically investigated. Therefore, the proposals presented in this research 
represent the prevalent/actual need in the industry. 
The following are the main achievements; 
1. The current practice of data management in building contractor organizations was 
established. It was observed that, although there are number 'of alternatives available, 
only the conventional SMM is used to prepare the tender documents. Management 
functions, groups and tasks in contractor organizations were defined. Most important 
management tasks under each management function were listed. Relationships 
between management functions, groups and tasks were established. Data flow 
between management groups, functions and tasks were established. Two types of 
data flow have been identified between tasks, depending on the preparation of the 
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estimate. It was established that, the improper format and presentation of the 
estimating data was the main reason for the substantial data formation, amendments 
and re-generations involved in post-tender works. It was also established that 
presentation of breakdowns in the estimate would decrease the re-work in data use 
and would provide better documentation to the other management functions. 
2. The current use and extent of use of the estimate for post-tender work in the building 
construction industry was established. It was revealed that, although the contractors 
widely use the estimate for post-tender work, the full potential is not being achieved 
throughout the contract. The average percentage extent of use of the estimate for 
post-tender work in the industry was found to be 50%. It was also revealed that, 
substantial re-work had been involved in the use of Information Packages throughout 
the contract. It was established that, 'quantities', 'quantity units' and 'unit ratee are 
the areas which need urgent attention to improve the extent of use of the estimate for 
post-tender works. 
3. An easy to use classification and coding system was developed to improve the 
presentation of estimating data. Ibis is presented in this thesis as a guide line. Codes 
given to resources, build-ups and bill items have a common arrangement, hence 
facilitated easy cross reference to each other. Cross references to drawings and 
specifications also have been considered. The recommended classification and 
coding system to resources, was in fact an extension to the new concept, 'Common 
Arrangement of Work Sections -CAWS-', which was introduced by the Building 
Project Information Committee in 1987. 
4. A library structure was defined to price the estimate with little effort, thus reducing 
the estimator's laborious work in data collection and manipulation. These libraries 
were tested in typical building projects to observe their feasibility. It was established 
that, the best strategy would be to maintain a general company library and prepare a 
contract library for each project by updating it. 
5. A new format for the contractor's copy of the estimate was introduced. The new 
format was achieved by splitting the unit rate to its components and providing a 
breakdown of resource requirements for each bill item. The structure of the 
breakdown was tested in two typical building projects to observe the feasibility. 
After obtaining suggestioýs and criticisms from the industry, the structure of the 
breakdown was finalized to be composed of-, code, unit, rate, quantity, cost, waste, 
quantity/unit and cost/unit of each resource requirement for a bill item. 
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6. The effective use of CAE software with a simpler approache at tender pricing to 
avoid complex codings and voluminous libraries was established. Alternative pricing 
methods using general build-ups and the manipulation of libraries at tender pricing 
were demonstrated. 
7. The investigation on the use and extent of use of the new estimate (contractoes copy) 
for post-tender works revealed that, the new approach would reduce the re-work, 
thus would improve the data management. The average percentage extent of use of 
the new estimate was found as 75%. Ibis percentage, when compared to the earlier 
50% extent of use, had shown 50% possible improvement in the average percentage 
extent of use of the estimate for post-tender works in contractor organizations. 
However, it should be noted that, these percentages are based on professional 
percepýtions. It was assumed that, with the experience they had on the conventional 
format and its associated problems, these professionals had encountered no 
difficulties in correctly perceiving the benefits of the new approach. The investigation 
on the extent of use of Information Packages revealed that, the earlier re-work found 
in 'quantities', 'quantity units' and 'unit rates' could also be reduced. 
8. The comparison between the new approach and the conventional practice in the live 
project revealed that, the new approach was better than the conventional estimate for 
77% of data management in post-tender works. The new approach was the same as 
the conventional practice for 23% of data management in post-tender works. Not 
surprisingly, the contractor's management 
, 
functions responded that the new 
approach was not by any means worse than the conventional practice. However, it 
should be noted that, these percentages have been derived from one live project, 
hence reflect the experiences of only one organization. It was assumed that, since the 
live project represents the industry, the experiences gained by the professionals in 
this organization would also represent the industry. In any case, a further 
independent survey was carried out to observe the acceptability of these results in the 
whole industry. 
9. The independent survey carried out with 33 professionals in the industry showed 
that, 92% of professionals accept the fact that the new approach would improve the 
extent of use of the estimate and reduce the complexity of data flow in contractor 
organizations. The acceptance for individual aspects in the proposals were found as; 
97% for the coding system, 94% for theyesource library, 88% for the rate analysis, 
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91% for the build-up library, 94% for the breakdown of resources, 91% for thee 
format of the estimate, and 91% for the use of the computer. 
10. Results of the acceptance study also showed that a total of 89% acceptance amongst 
them of the concept that the new approach would reduce the re-work and ease the 
management functions in contractor organizations. The acceptance for improvement 
in data management in independent management functions were found as; 96% for 
estimating, 97% for purchasing, 66% for planning, 92% for site management and 
93% for quantity surveying. Therefore it could be concluded that, the industry 
accepts the fact that the new approach would reduce the re-work and improve the 
data management in building contractor organizations. 
1.6 GUIDE TO THESIS 
As explained in methodology, this research was carried out in four phases; 
identification of the problem, formulation of solutions to the problem, investigation of 
validity of the solutions and deduction of conclusions and recommendations. To 
describe these areas, this thesis is divided into eleven chapters with first chapter being 
the introduction to the thesis. The first phase is presented in Chapters 2,3,4 and 5. 
Chapters 6,7 and 8 explain the second phase. Third phase is documented in Chapters 9 
and 10 whereas Chapter 11 describes the final phase and the future research. Ile layout 
of these chapters in the thesis is illustrated in Figure I. I. A brief description on each 
chapter is included here to summarize the thesis. 
Chapter 2 presents a review of past work on the format and presentation of estimating 
data. In this chapter, different types of formats for the B. O. Q. and existing 
classification and coding systems are critically examined. 
Chapter 3 contains a review of CAE and its possible use. The concept of Integrated 
Systems and its associated problems in implementation also are included in this chapter. 
Chapter 4 explains the current practice of data management in Building Contractor 
Organizations. Brief descriptions of case studies are included here. The reasons for 
inefficient data management, and the complexities in data flow within and between 
management functions, groups and tasks are established in this chapter. 
Chapter 5 illustrates the detailed study carried out to observe the use and extent of use 
of the estimate for post-tender works. The average percentage extent of use of the 
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estimate for post-tender works in the industry is established in this chapter. Crucial 
areas in the estimate which need urgent attention are also established. 
Chapter 6 demonstrates the proposals developed in this research. A classification and 
coding system to resources, build-ups and bill items is illustrated as a guide line to 
follow. The recommended library structure and its preparation is described. The new 
format to the contractor's preparation of the bill which confirms the conventional 
practice is clearly explained. Effective methods of using an estimating software for 
pricing purposes are also discussed in this chapter. 
Chapter 7 contains guide lines to prepare the new format of the contractor's copy of the 
estimate. This includes brief descriptions of pricing methods which can be used to 
derive the contractor's copy. 
Chapter 8 describes the use of new contractor's copy of the estimate in contractor's 
management functions. The possible use of the new format for management tasks in 
estimating, purchasing, planning, site management and quantity surveying is included 
in this chapter. 
Chapter 9 investigates the improvement in . the extent of use of the estimate for post- 
tender works in contractor organizat 
' 
ions after the introduction of the new approach. 
Two test projects which were carried out to observe the feasibility of the new approach 
are described here. The new average percentage extent of use of estimate for post-tender 
works in the industry is established in this chapter. The improvement in crucial areas 
which were identified in Chapter 5 are also investigated. 
Chapter 10 explains the observations on the live project and the findings of the, 
independent survey carried out to observe the acceptability of the earlier results. The 
improvement in the data management in contractor organizations after the introduction 
of the new approach is established using a comparison study. 
Chapter 11 comprises conclusions and recommendations derived from Chapters 4,5, 
6,9 and 10. Recommendations for further research also are included at the end of this 
chapter. 
I,, f 
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'Chapter 2 
PAST WORK ON FORMAT AND PRESENTATION 
OF ESTIMATING DATA 
2.1 INTRODUCTION 
2.2 FORMAT OF THE BILL OF QUANTITIES 
2.3 CLASSIFICATION AND CODING 
2.4 SUMMARY 
2.1 INTRODUCTION 
As explained in Chapter 1, the intention of this research is to reduce the complexity of 
data use by having a better format for the contractor's estimate. Therefore, the past 
work on the format to the B. O. Q. and the presentation of data in the bill had to be 
investigated. Lessons studied previously have helped the formulation of the proposals 
in this research. Much work had been done, not only to improve the funct 
' 
ion of the 
Estimating but also to improve the use of 
' 
the Estimating data. This chapter describes 
such work and the degree of success related to better data management. 
Most of the work had been concentrated on the format of the B. O. Q. to produce a bill, 
which would be of greater value to the contractor than the normal work section order 
B. O. Q.. These alternative methods; Elemental Bill, Sectionalised Trades Bill, 
Operational Bill, Bill of, Quantities (Operational Format), BPF System, and Builders7 
Quantities are described in Section 2.2. Also, a brief description of the Standard 
Method of Measurement (SMM) and the latest concept, Co-ordinated Project 
Information (CPI) is included. 
Over the past 30 years, Classification and Coding have been considered to improve the 
estimating function. The need has been felt important since the introduction of 
computers to the estimating function, but no one has ever formulated an efficient coding 
system for the building data. Section 2.3 gives a brief description of the classification 
and coding related to building data. The developed classifica#on and coding method for 
this research is explained in Chapter 6. 
Finally, Section 2.4 summarizes Chapter-2, the past w'Ork on the use of estimating data. 
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2.2 FORMAT OF THE BILL OF QUANTITIES 
Before 1922, no standard method of measurement to the B. O. Q. was available. Only 
some pamphlets setting out the method of measurement in respect of three trades, 
recommended by the then Quantity Surveyors Association in 1909, were available. 
Bills had been prepared in different ways by different people. This lack of uniformity 
afforded a just ground of complaint on the part of contractors that the estimator was 
frequently left in doubt as to the true meaning of items in the B. O. Q.. Therefore, in 
1922, the Surveyors' Institute introduced the Standard Method of Measurement for 
Building Works (Surveyors' Institution 1922). The main purpose of the document was 
the task of drawing up a comprehensive set of standard rules of measurement of 
building works. 
Thereafter, a lot of research work was carried out by various professionals to improve 
the use of the estimate, and then to minimize unnecessary repetition and re-work. Some 
research professionals have proposed different formats and presentations to the existing 
type of B. O. Q. to have a better document for their tasks. 
2.2.1 Elemental Bill 
In the early 1950's the Elemental Bill was introduced (by the Department of Education 
in the first place) to face the perceived need for planning. In this bill, items are 
arranged, not in trade order under main headings of the separate trades, but are grouped 
according to their position in the building. Each element comprises an integral part of 
the building such as external walls, roofs or floors, which each perform a certain design 
function. The work within each section (element) is still billed in trade order or grouped 
in building sequence. According to Seeley (1965), it was intended that this form of bill 
would assist in more precise tendering, help on the job by locating the woTk in the bill 
and make the operation of cost planning and cost analysis techniques much easier. The 
article published in Building Bulletin by the Department of Education and Science 
(1957) explained this concept in detail. 
This proposed that, "If the design and cost control procedures have been structured 
around elements- that is, all parts of the building have been designated under elemental 
headings and allocated sums of money in the initial cost plan, followed later by 
elemental detail drawings from which approximate quantities have been measured for 
cost checks- the cycle should be completed by presenting the B. O. Q. in elemental 
format, instead of in the work section order of the Standard Method of Measurement". 
15 
The preparation of an elemental B. O. Q. need not involve any change in the, taking off 
procedure from that used in the preparing a work section bill. The only difference being 
that the dimensions are sorted under elements instead of work sections. Since quantifies 
are usually prepared by taking off the measurement of sections of a building, which in 
general are similar to elements, there is greater scope for billing direct and thus for 
saving in time. Editing can commence at a much earlier stage than normal and, with 
related items billed together (for example, surface excavation; site slab), there is a much 
better chance of detecting any slip which may have been made during the taking off or 
billing. However, there had not been a standard list of elements to follow. Different 
bodies had used different lists. Examples of two different lists (Rose 1956), one 
containing 18 elements and the other 27, which were published in the Chartered 
Surveyor, May 1956 is reproduced here in Table 2.1. 
In 1956, the Quantity Surveyors Committee appointed a sub-committee to investigate 
the use of elemental bills. After a comprehensive investigation, the Quantity Surveyors 
Committee (1957) reported that, "the. reaction of builders generally is at present 
unfavorable to the'elemental B. O. Q., chiefly on the grounds that tendering is made 
more complicated". According to the report, there had been no general demand amongst 
the architectural profession for the use of elemental B. O. Q., and it had been found that 
for a very large number of jobs, they would be inappropriate. The committee concluded 
that, it would be unwise, and unnecessarily confusing to builders, for the quantity 
surveying profession as a whole to undertake any large-scale change in the lay-out of 
B. O. Q. at that time. 
In May 1959, the Cost Research Panel established a Working Party to consider the 
systems and operations for which the B. O. Q. may be used. The evidence submitted to 
the working party (Quantity Surveying Techniques Working Party of the Cost Research 
Panel 1962) had demonstrated that the majority reaction of contractors was that possible 
advantages on site were outweighed by disadvantages at the tendering stage. The 
pressure of estimating was such that any extra work was resisted, especially as only 
about 5% of tenders were likely to be successful. The major disadvantage to the 
estimator was that he had to look through many of the elements, to collect together all 
the items in a given trade, before he could assess the total quantities of materials or type 
of plant required. Similar difficulties had been evoked with the work which had to be 
sub-let. 
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Table 2.1 SaMDle Lists of Elements 
LIST 1 LIST 2 
1. Preliminaries 1. Preliminaries and Insurance 
2. Paved play grounds 2. Contingencies 
3. External works 3. Works below ground floor level 
4. Drainage 4. Frame 
5. Foundations and site slab, including 5. External walls and facings 
D. P. C. s and slate sill 6. Windows and external doors 
6. Structural frame 7. Roof construction 
7. Floor deck 8. Roof lights 
8. Roof deck, roof covering and 9. Upper floor construction 
roof lights 10. Staircases 
9. External walling, including screens 11. Glazier 
and doors 12. Internal partitions 
10. Internal walling, including screens 13. Internal doors 
and doors 14. W. C. doors and partitions 
11. Ceilings 15. Wall finishes 
12. Floor finishes 16. Floor finishes and skirtings 
13. Stairs and steps 17. Ceilings 
14. Furniture and equipment 18. Decoration 
15. Electrical 19. Fittings 
16. Gas 20. Plumbing (external) 
17. Heating 21. Plumbing (internal) 
18. Plumbing 22. Sanitary fittings 
23. Gas installation 
24. Electrical installation 
25. Heating installation 
26. Drainage 
27. External works 
Source: Chartered Surveyor, May 1956. p 606. 
Although by their very nature, elemental bills must involve some repetition of items, the 
extent to which they do so will depend upon the list of elements chosen. However, as 
explained earlier, there had been no standard list available. The number of elements 
chosen had been varied considerably from 15 to 20 in the Hertfordshire County Council 
office to some 30 in the Ministry of Education's sub division (Nott 1963). There had 
been many other variations resulting in inconsistency in elements identification. 
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The Elemental bill does not consider the requirement of separating labour, plant and 
materials instead of having a composite unit rate. Therefore, subsequent management 
functions still need to regenerate the data for their tasks although the bill is in a separate 
element format. 
2.2.2 Sectionalised Trades Bills 
To meet the problems of the use of an elemental bill by the estimator, the Hertfordshire 
County Council developed another form of bill called 'Sectionalised Trades Bill'. The 
bill, upon which tenderers are invited, is arranged basically in trades with each trade 
sub divided into functional elements; the items within each trade are arranged in the 
normal trade order within the sections. A detail description of the method had been 
published by the Council's Principal Quantity Surveyor, C. M. Nott(1963) explaining 
the advantages. 
By always commencing the separate elements at the top of a sheet a "loose leaf' form is 
obtained allowing the bills to be re-collated for use in contract management as elemental 
bills. The main headings are then the functional elements divided into such trades as 
occur within the element. Hence, a bill similar to conventional type of trade order (with 
elements within trades) is used in tendering while another bill similar to elemental bill 
(trade order within each element) is given to the successful contractor for his contract 
management. However, the response from the industry had been very poor in the 
implementation of this concept. Again, the Quantity Surveying Techniques Working 
Party of the Cost Research Panel (1962), after investigating the possible use, in its 
report concluded that, neither the Elemental nor the Sectionalised Trades Bill appeared 
to be amenable to amendment which would enable contractors to relate site costs to bill 
prices. 
2.2.3 Operational Bill , 
The Building Research Station (BRS)'s development of the Operational bill (Forbes and 
Skoyles 1963, Skoyles 1964) in early 1960's had been considered as a rational attempt 
to provide the builder with a document, better suited than the conventional bill, to the 
pricing, planning and control of building work. In this form of bill, the description of 
the billed work follows the actual building process, 'with material costs shown 
separately from labour costs, all described in terms of the operations necessary for the 
construction of the building. The intention of the bill was to aid estimati ng and 
production by having a common basis for cost informations in design, estimating and 
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construction, The sequence ofoperations was often shown in'the bill on a precedence 
diagram, which showed their relation one to another, and which could be presented in 
one of several ways. , 
A number of parallel and live projects had been carried out to observe the practicability 
of the bill. According to Carr(1965), the preparation of the precedence diagram by the 
client/consultant had resulted confusion, because the contractor's method of working 
had not matched the bill operations. The decisions taken by the client' s quantity 
surveyor may not be relevant to the contractor, and hence may differ from his approach. 
Therefore, the contractor should be consulted when preparing the precedence diagram. 
However, if more than one contractor bids for the work, there would not be much 
benefit from this consultation. Operational billswOuld appear to place more work on the 
contractor's estimating division. The estimator's price for the labour element of an 
operation 
' 
has to be based on the descriptions in the bills, the schedule of materials and 
the drawings. The estimator must therefore have the bills and drawings. beside him all 
the time and the need to refer from one to the other is obviously a contributory factor to 
the extensive time required for the preparation of an estimate with operational bills. 
To solve the problems of the estimator regarding complexity and excessive information 
in the bill, (Forbes and Skoyles 1966, Firmstone and Skoyles 1967) two forms of bills 
had been tried in one of the live projects, one with less detail for all the contractors for 
tendering purposes and the other with the material schedules for the successful 
contractor only. This had resulted in repetition of work for the client himself. Also, the 
successful contractor received two forms of bills for pricing at two stages. 
Estimators working at speed and under pressure must be able to identify the character, 
scope and location of an operation. It is also important 
' 
that the description stiould. be 
sufficiently precise to admit only one interpretation -if not confusion and litigation may 
follow (Bishop 1966). Therefore, designers and architects should consider operational 
(production) methods and should issue drawings accordingly., To relate the final 
drawings to the building operations and their sequence, in one live project, at the 
request of the BRS, the school of architecture had agreed to substitute operational 
drawings (Firmstone and, Skoyles 1967, Head 1968) for conventional working 
drawings (Daltry and Crawshaw 1973), wherever, this had been possible. It had been 
decided that a separate drawing should be prepared for each operation illustrating its 
nature and extent. However, problems of preparing drawings in a way compatible with 
the operational sequence emerged. Also, the employment of different draughtsmen on 
similar operations, such as, brick work from ground to first floor and brick work from 
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first to second floor had resulted in several drawings not being consistent. Operational 
drawings had been prepared after preparing a complete set of general arrangement 
(con'ventional) drawings first. Preparation of a complete set of drawings, of 
conventional type as well as operational drawings was an obvious duplication, hence 
received criticisms from the industry. 
It had been observed that substantial additional expense was incurred in the printing of 
the bills where the costs were more than double the amount normally expected with 
traditional bills for a comparable project (Carr 1965). Use of a non-standard size of 
paper due to the width, the use of coloured papers to identify different trades, and the 
large number of papers in the bill (due to printing each operation on a separate sheet) 
were the main causes of this additional expense. For tendering purpose a bill had to be 
given to each competitor with this additional expense for each bill. No client would like 
to expend his money for subsequent gains by the contractor, hence the operational bill 
became unpopular. 
There had not been a clear format for identifying operations and sequence. Also, there 
had been no standard format to group operations so that the bill could be consistently 
arranged under sectional headings considering the sequence of construction and 
operation elements under each section. For example in one live project (Forbes and 
Skoyles 1966), there had been only five bills in contrast to an earlier live project 
(Forbes and Skoyles 1966) which had, eight bills with a different format in the 
summary. This means that, there had not been a standard set of rules for the preparation 
of operational bills. 
Usually, the cost of plant was assessed in a separate bill rather than within each 
operation, this resulted in no indication of the use of plant in each operation. However, 
in one of the live projects (Carr 1965) a separate section for plant in each operation was 
included in response to a suggestion by the contractor; but difficulty had been 
experienced in estimating plant costs in connection with 'standing time' between 
operations. The times when various items of plan ,t 
would be standing idle had been 
showed up very clearly with the operational presentation of the bills, and therefore the 
difficulty had not been in assessing the value but of finding a satisfactory position to 
include this cost in the bills without 'loading' the true cost of any particular operation. 
The operations on the network are a representation of what would happen on site. 
Therefore, the production of components manufactured on or off site are not included 
within the operations, although the operational descriptions do, of course, included for 
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fixing these components. All these prefabricated components such as precast concrete 
units, joinery, metal work etc., are collected together in trade order in a separate bill 
called 'Manufactured Goods Bill'. The components in the manufactured goods bill are 
cross referenced with the operation descriptions in the other bills. According to the 
experience of Forbes and Skoyles (1966), during the preparation of the bill, the 
separation of work on site from manufactured goods had required a considerable 
amount of cross referencing making the estimating process rather cumbersome. 
., 
The problems of identific ation of similar operations in different building projects and 
relating financial experience gained in one contract to another had also caused 
unpopularity. Some useful information on the advantages and disadvantages of 
operational bill had been forwarded by Skoyles and Fletcher in the discussion, 'Bill of 
Quantities, or the Operational BillT conducte d by the Architects' Journal (1970). 
An operational bill does not show the labour and plant hours for each operation, but 
only the cost. Therefore, the information given to the subsequent management functions 
are not adequate. This is because, when introducing the new bill, researchers had not 
considered the need for minimizing the repetition and re-work involved in the use of 
data. They had considered only the improvement of the use of the estimate but not the 
extent of the use of the estimate. 
2.2.4 Bill of Quantities (Operational Format) -Activity Bill- 
It had been observed that during the BRS' development work on the operational bill, 
that a 'half-way house' might be of more immediate advantage., Therefore, they 
introduced a new bill, Bill of Quantities (Operational Format) which incorporated the 
production bias of the operational break down, but retained familiar methods of 
measurement and pricing using unit rates (Skoyles 1968). The bill items, measured in 
accordance with the standard methods were presented in the order of construction 
dictated by the design (and shown on a precedence diagram), and those not directly 
associated with the site construction process were given separately. 
The basis is similar to operational bill, but, because of the use of the SMM, the methods 
of producing and of obtaining tenders are more straight forward. The new format also 
has some similarities to elemental bills, and is a way of describing the work involvedin 
c, onstruction in terms of the sequences of the buildings' erection as indicated by a 
A, . pTeFedence diagram. The work is analysed into activities or operations. Within each 
operation work is itemized in the conventional way. No separate section for plant is 
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given as in the operational bill, since the unit rates used include all the material, labour 
and plant requirements. However, a separate section for'off site process' is included as 
the manufactured goods bill in the operational bill. 
-, 
Lear (1966) carried out some work on implementation of this ap, proach, and claimed 
that the new'method was feasible. However, although the preparation and obtaining of 
tenders is a little'easier than the operational bill, this format also has the same draw 
backs as in the operational bill. In addition, because of the composite unit rate (no 
separate sections for labour, plant and material), repetition and regeneration of 
measured data by the contractor's subsequent management functions are still present. 
Furthermore, as in elemental bill, the result was a significant duplication of effort and a 
very lengthy tender document creating estimating process rather laborious. According to 
Skinner (1981) the Bill of Quantities (Operational Format) had found no more 
popularity than the Operational Bill. 
2.2.5 The BPF system -Schedule of Activities- 
In 1983, the British Property Federation introduced a new concept called the 'BPF 
system' in order to attempt to devise a more efficient and co-operative method of 
organising the whole building process *(British Property Federation 1983). In 1984, the 
ACA Form of Building Agreement -BPF Edition- (British Property Federation 1984), 
which was designed to overcome many of the criticisms of existing agreements and 
contracts was revised to use with the BPF system. The system which divides the design 
and building process into five stages as; concept, preparation of brief, development of 
design, tender documentation and construction, can be seen as a project management 
system where one key man called in the manual the 'Client! s Representative' takes 
charge of the job (Badder 1987). It is similar to the USA system of organising the work 
(Nisbet 1987). According to the opening statement by Denis Marler, the BPF president, 
at the conference held in February 1984 for the defence of the system, the working 
party had taken some interest, in overseas construction industry when preparing the 
system (Chalk 1984). The system defines how the client should work with the design 
team, how the design leader should work with the consultants, the client and the 
contractor, and indeed how every aspect of the management of the team is directed. 
Bills of Quantities are replaced by the Schedule of Activities (SOA), in which the 
contractor specifies a priced list of activities within his total programme. To understand 
the format of SOA, an example is illustrated in Table 2.2 (extracted from Fig. 6 of the 
manual). 
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Tahle 2.2 Examnle of a Schedule of Activities 
Tender submission schedule of activities 
Project: Scheduled/Sheet No. 
Contractor: 
No. Activity description Quantity Resources . Start time Duration Price 
(week no) (weeks) L 
1.0 Site set-up 1 5 27000 
2.0 Demolition/Site clearance .2 5 55000 
3.0 Piling 7 6 63600 
4.0 Substructure to ground slab 11 16 360600 
5.0 Superstructure to roof 17 26 470000 
6.0 Brickwork/blockwork 17 22 311500 
7.0 Granite cladding 30 18 204000 
8.0 Windows 25 16 80000 
9.0 Roof timbers and leadwork 43 12 135400 
10.0 Mechanical and Electrical 30 70 1275000 
11.0 Lýift installation 55 20 84000 
12.0 Plaster and screed 40 17 140000 
13.0 Carpentry 40 30 240400 
Breakdown of quantities to be listed in developed schedule. , 
** (See schedule of activities for prelims and plant). Other details to be listed in 
developed schedule*. 
Source: Fig. 6 BPF manual 
The contractor would be paid as each activity is completed. The number of aWvities in 
the schedule will depend on how the contractor plans his work and wishes to be paid. 
The successful contractor may be invited to break down into more detail the activities in 
the outline SOA submitted with his tender so long as he does not change the overall 
ýprice and schedule. An example of a detail schedule is illustrated in Table 2.3 (extracted 
from Fig. 8 of the manual) for information. Hc! wever, if the client wishes to use a 
B. O. Q. instead of SOA, provision has been made for it. The priced SOA fulfils the 
roles of a priced B. O. Q. and a programme. It is the basis for reporting progress and is 
used to represent the current plan for the completion of the work. The schedule is of 
assistance in assessing extensions of time and adjustments to the contract price. The 
SOA also has the advantage that it can be directly used by the contractor for monitoring 
costs and progress during the construction. By carefully arranging the breakdown of 
work in the schedule, a close relationship between the tender and subsequent site cost 
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control'and planning can be achieved. This is an aid both to'site management and to 
feedback of performance measurements for future estimating. 
'I'able 2. j Exampie ot a aetan scneclule 
Developed schedule of activities 
lei. 
I 
Contractor, I 
No. Activity description 
7.0 Granite cladding 
7.1 Granite specialist drawings 
and submission: 
7.2 Ground -4th floor 
7.3 5th floor -roof 
Manufacture and delivery of 
Granite: 
Revised by: Approved by: 
Quantity Resources Start time Duration Price 
(week no) (weeks) L 
14 drawings I draughtsman 36 
14 drawings I draughtsman 96 
7.4 Ground -4th floor 450M2 Naples factory ' 13 
7.5 5th floor -roof 450m2 Naples factory 25 
Fixing of granite: 
7.6 Ground -4th floor 1350 stones 6 fixers 30 
7.7 5thfloor -roof 1375 stones 6 fixers 39 
8.0 Windows 
8.1 Working drawings and 
schedules of windows 
8.2 Manufacture and delivery 
of windows 
Fixing of windows: 
83 Ground -4th floor 
8.4 5th floor -roof 
8.5 Glazing of windows 
8.6 Mastic to windows 
14 drawings I draughtsman. 2 
1 schedule 
514 typeA factory 6 
217 typeB 
350 nos. 4 fixers 
381 nos. 4 fixers 
731windows 2 glaziers 
7200m run I applicator 
12 
12 
9 
9 
6 
14 
25ý 8 
33 8 
33 12 
33 12 
75000 
75000 
27000 
27000 
36000 
15000 
15000 
11500 
2500 
source: Fig. 8 BPF manual. 
To observe the practical use of the system, the researcher had a discussion (03 Dec 
1987) with Mr. Alan Tyler (Loughborough University of Technology), who has canied 
out practical research on BPF proposals. According to him, it had been observed that 
only a limited number of projects had been carried out using the BPF system. Even the 
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members of the BPF were reluctant to use the new system, mainly because they were 
used to the existing system. Some of the clients were'Used to their known consultants 
and contractors, hence did not like to change the system and risk disturbing the 
environment. From about 20 projects which had used the new system, half had been 
conducted by the same client With the same consultant and the same contractor. The 
professionals were used to the existing methods, and had to change all their systems of 
organising the work, even the computerized methods, to meet the new concept. They 
may get only one BPF system project to work with, while all the other projects use the 
existing system. Therefore, they do not want to change their existing system of 
organising the work for the new system. They had tried to adapt their systems to work 
with the BPF system resulting in more work and repetition. '' 
Preparation of a SOA had given some problems to the contractor. Most of them 
abstracted and manipulated from a prepared B. O. Q. to form a SOA for tendering. They 
had internally used the B. O. Q. to monitor the job since their normal practice was the 
use of B. O. Q. Each month, assessments are carried out and only the finished activities 
were being paid. Therefore, the contractor's incoming cash flow is irregular and if 
enough number of activities (with detail break down) are not included, contractor's cost 
planning and cost checking would not be straight forward. It was intended that SOA 
would specify durations with start time and finish time, resource hours and material 
requirement for each activity so that the subsequent management functions could 
directly use the schedule. In the actual case this was never practised but only the price 
was indicated; hence the schedule has never been effectively used by the subsequent 
functions. This situation was due to poor definition of the standard format for the SOA 
in the manual, except for some examples. Also, little information given on identifying 
activities, sequences and preparing a schedule had resulted inefficiency. 
The BPF system assumes that all the data and information necessary to prepare a SOA 
are generated by the main contractor, h6nce it does not include a way of obtaining data 
from sub-contractors. However, in practice, much of the work is given to sub- 
contractors, resulting in the SOA being depended upon the sub-contractoes data. 
Therefore, when preparing the schedule, the main contractor experiences difficulties in 
deriving such data. The situation would be worse if the main contractor assumes and 
allocates the values and resources in activities which are supposed to be accomplished 
by sub-contractors. 
According to Sims (1984a, 1984b), the advantages of the SOA are less than those of 
the B. O. Q. system. Also, the disadvantages of the SOA are much greater than the 
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disadvantages of existing B. O. Q. type bill. Furthermore, with the use of SOA, the 
employer may find himself bound to a system of payment which may be manipulated 
by the contractor (Sims 1984c). The Royal Institute of British Architects (RIBA) had 
also criticized the BPF as a method which introduced increased delays and errors to an 
already over-burdened building process (Building 1984). However, Sims(1984d) again 
pointed out that, the idea might work reasonably well on a very simple project such as a 
large factory building comprising basically of an enclosed space. 
The problem with the Adjudicator (Sims 1987a, 1987b, Denny 1987), when the 
Adjudicator's decision is over ruled by the Arbitrator later, also was highlighted. The 
RIBA (Building 1984) claims that the BPF system is tailored to suit only a small 
proportion of construction projects such as comparatively straight forward projects of 
commercial and industrial development, and specifically single building projects valued 
above El million. This is because of system's similarity to the Project Management 
which needs a separate Client Representative to control the whole process from the 
conception to the completion. For small projects it is not worth spending money and 
time on such aspects which consume ayelatively higher percentage of the total value. 
Another important fact had been pointed out by Luder (1984) about the clarity of 
drawings. The BPF system requires drawings and specifications to be 'comprehensive, 
accurate, clear and unambiguous' before the contract is put out to tender. If this 
principle had been applied to traditionally organized projects there would be little need 
for a new system. Jordan(1984) also pointed out that the detailed drawings by the 
contractor approach, if applied to the existing system would give the same benefit. 
According to Bingham(1987), the detailed design by contractor approach may find 
difficulties with sub-contractor work. The problem is the preparation of detailed design 
for sub-let work. A specialist sub-contractor may not be able to provide a detailed 
design. It should be noted that all the specialist sub-contractors are not specialist 
designer sub-contractors. Some of them do not have the facility for design work and 
sufficient skilled staff. Because of the design responsibility the main contractor would 
not give the detailed design on behalf of the sub-contractor, but would ask another sub- 
contractor to bid for the work. The client loses the work of the potential specialist sub- 
contractor just because he lacks the design capacity. According to Sayer and Sutton 
(1987), even a main contractor had withdrawn from a tender list because of the lack of 
staff required to provide the necessary additional technical design and quantitative input 
compared to a traditional tendýr. 
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McCaffer and Tyler (1986,1987) had done some research work on contracts without 
B. O. Q. investigating BPF proposals and the computerization of SOA. According to 
them the SOA appears to be a workable alternative if the B. O. Q. has got to be replaced 
as a tender document to facilitate computer use at sites. They had effectively used the 
Project Cost Model (PCM), a commercially available software package to computerize 
the activity system, and therefore had been able to produce a contract management 
system for the scheduling of activity type contracts. However, it should be noted that 
the research was only a parallel test, which had been carried out by a research assistant 
observing the site process and simulating them in the computer. The data was fed into 
the computer in 'activity' format rather than the conventional unit rate format 
conforming to standard B. O. Q. items. However, the data necessary for activities (cost, 
duration etc. ) had to be measured and prepared before feeding the. computer, hence 
there had been no direct use of drawings and specifications. They had also observed in 
one of the case. studies (McCaffer and Tyler 1987) that without exception the 
contractors had prepared an in-house B. O. Q., and only used the, SOA for external 
dealing with the client and the consultant. 
The BPF, as described in the manual (British Property Federation 1983), is for the total 
process; from conception to the completion of the work. If the contractor is asked to 
tender under the system, he has no choice but to prepare a SOA, and work accordingly. 
However, he has his own way of preparing the SOA. lHe 
can first prepare a B. O. Q. 
and then manipulate it to fon-n a schedule, or use a different approach that he may think 
convenient and suitable for subsequent work. The BPF is a system, dictated by the 
client for their advantage. Although the manual claims some possible improvements in 
contractor's work, as explained here, it, has never improved the, contractor 
organizations. 
Due to all the reasons mentioned here; as Sims (1984c) once suggested, we should not 
reject and replace the B. O. Q. system but should develop a method to use with the 
B. O. Q. system. There is no reason why a B. O. Q. cannot be prepared in a way which 
will allow the architect to develop his design only to a point where the contractor can 
take over and produce the fine detail for himself. 
2.2.6 Builders' Quantities 
In 1985, Pasquire and McCaffer (1985a) started a research on contracts without B. O. Q. 
to investigate on possible alternatives for the preparation of tender documents in such 
contracts. The argument was that it should be possible. to, define a set of builders' 
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quantities for use with contracts without quantities, that could accurately describe the 
work for estimating purposes, whilst at the same time provide an operational 
management document for use by other management functions. McCaffer had criticized 
the B. O. Q. as a document which was seldom accurate and put its usefulness as any 
kind of management tool in doubt (Pasquire and McCaffer 1988). The study had 
proved that the traditional B. O. Q., although provided a suitable and familiar pre- 
contract documentation, was not suitable for the post-contract management of the 
construction works (Pasquire and Tyler 1987, Pasquire and McCaffer 1988). Therefore 
the research was an attempt to propose a new approach of preparing the bill for 
contracts which do not have a B. O. Q. (ex: Package deal). 
Pasquire studied the measured data requirements of contracting organizations in U. K., 
and had identified the repetition and re-work. in data flow (Pasquire and McCaffer 
1987). To reduce the re-working and regenerating of measured data, an alternative 
method to the B. O. Q. called, 'Builders' Quantities' (Pasquire and McCaffer 1988) has 
been proposed. The measurement rules in Builders' Quantities have been developed to 
reflect the* method of construction and the post contract use of the measured data. The 
proposal is similar to the operational bill (chapter 2.2.3) in general, but is a more 
advanced method which has definitions for operations, taking-off, buying units etc. 
Afier consideration of the results of the case studies and interviews with contracting 
management personnel a complete set of Principles of Measurement for Builders' 
Quantities had been prepared. A summary of the principles are reproduced here for 
information. 
The first step in defining a set of measurement rules was the definition of a suitable 
format for the presentation of the measured data relating to the construction work. The 
construction works are divided into three major sections following the operations 
sequence of the works'as; 
(a) Sub-structure and Earth works 
(b) Super-structure 
(c) External works 
Each main section is further divided into sub-sections and elements. These sub- 
divisions and elements all follow the construction sequence., An example for the super- 
structure is given below. 
Super-structure 
(i) Structural shell: 
load bearing walls and/or frame including openings 
floor structure 
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roof structure 
- steps and staircases 
(ii) Non structural components: 
- non load bearing walls/ partitions including openings 
- sheqt and board flooring 
- ceilings (not sub-contracted) 
(iii) Fixtures and trims: 
- joinery fittings and trims (in situ finishes sub-contracted) 
Under these work sections, the work should be presented as operational elements in 
which all the work is measured in operational sequence. The division of the 
construction works into operational elements is defined in several ways as; 
* where there is a change of labour eg: brick layer to joiner 
* where there is a change of plant type 
* where a breakdown occurs in the construction for any other reason. 
A change in materials does not, in itself, constitute a different operational element of 
construction. It had been observed that the use of measured data by the post-contract 
management functions was split into that regarding labour and/or plant, and that 
regarding materials. Therefore, the material and labour/plant split is an important 
consideration when measuring and pricing the work in these operational elements. All 
the resources should be given in their buying units eg: the buying unit of material is the 
unit of quantity used by the supplier'and the manufacturer when I selling their product - S. 
Measurement of the work piece items should be undertaken on a take-off sheet that 
allows the resources to be detailed completely separately but under a single work piece 
item description. Therefore, all resources should ideally be documented on the same 
sheet or cross referenced if this is not possible. Large work piece items may require 
several pages of measurement and these should be fixed together and/or numbered or 
referenced so that they can be identified as measured data for a common work piece 
item. A typical take-off sheet is given in Figure 2.1. Organization over-heads and other 
costs can be included as labour on cost for each operation. A summary sheet which 
contains all the cost for each item that comes under an operational element should be 
prepared for each operation so that the net cost for an operation can be readily 
identified. An example of a summary sheet is illustrated in Figure 2.2. 
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CONTRACr REF: ................................ 
BUILDING Nofrype CONSTRUCIION SECnON- 
OPERATIONAL ELEMENT- LOCATION REFERENCE. 
N'EM DESCRIPTION: 
net cost labour plant 
labour on-cost 
Totals to 
Page ......... 
I 
MATERIALS 
Gross Rate Total 
Quantity 
Totals to 
Daee .......... 
Figure 2.1 Example of a Take-off sheet (Builders' Quantities) 
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CONTRACT REF: ........................................ 
BUILDING No/Type CONSTRUCTION SECTION: 
OPERATIONAL ELEMENT: LOCA71ON REFERENCE: 
SUMMARY 
Page rrEM DESCRIPTION LABOUR AND PLANT COSTS MATERIAL COST 
No 
net cost labour plant margin total margin 
labour on cost 
Totals to 
page:.... 
Figure 2.2 Example of a Summary sheet (Builders' Quantities) 
Test projects have been measured and priced (Pasquire and McCaffer 1988) according 
to Builders' Quantities to observe the feasibility of the new system. - The researcher 
himself had measured and priced a test project (Kodikara, 1987) to observe the practical 
difficulties in Pasquire's Btlilders' Quantities. As a result of the study following 
observations had been made. 
I, " 
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According to the new rules, resource requirements for each operation had to be 
calculated. This process, when, compared to the conventional methods was tedious. 
However, this could have been easily simplified by computerizing the work. 
Unfortunately, Builders' Quantities had not considered the feasibility of 
computerization to have libraries for storing data on resources, items and work 
performances. The measurer had to consult the other management functions very often 
to obtain the relevant information and data. For example, even for an item such as 
availability of standard timber (soft wood) lengths, the estimator had to consult the 
purchaser before assessing the cost of joists. This had resulted in the estimating process 
being rather laborious extending the time taken to price the job. The availability of an 
information/data file at company/contract level would have assisted the estimator in 
being more efficient on such consultations. Depending on the actual use of resources 
these files could have been updated so that it would help future contracts to be more 
accurate. However, once again non use of the computer had prevented such 
improvements to the Builders' Quantities. The taking-off sheet used for the work, 
which was supposed to be given to the contractor's subsequent staff, was not complete. 
Cost columns had given only the costs of plant and labour. A modified version with the 
indication of labour/plant requirements in separate columns could have helped the site 
manager in the allocation of labour for each operation. An example of the proposed 
version is given in Figure 2.3. However, the study concluded that measurement of 
construction work according to the Builders' Quantities is feasible. Field trials were 
recommended to observe the difficulties in implementation. 
Pasquire had carried out five field trials (Pasquire and McCaffer 1988) on the 
practicability of implementation the builders' quantities. Works had been measured by 
Pasquire according to the builders' quantities so that they would reflect the method of 
construction. The duties of all the management functions were assumed and use of data 
for their tasks had been observed. The final set of measurement rules was defined after 
including the comments and suggestions taken from relevant management functions. 
Builders' Quantities are propos6d for contractor organizations to manage the contracts 
without B. O. Q.. For normal type of contracts which have a B. O. Q.; the contractor 
should prepare two types of estimate, one according to the conventional B. O. Q. to deal 
with the client, and another according to the builders' quantities for contractor's work. 
In normal practice, estimators do not like this sort of double work, because it would 
complicate their methods, hence create confusion in their department. Therefore, 
builders' quantities are only applicable to such types of contract. Again, if the 
contractors organization receives more work as conventional type bills, they would not 
change the methodology to suit a smaller component of their work. 
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The work in this research is on the complexity of data flow in contractor organizations. 
The work is not confined to the contracts which do not have bills, but for all sorts of 
contracts. As seen here, alternatives which are confined to special types of contract 
would create more confusion for the organizations which deal with all types of 
contracts. Therefore, it was decided to improve the use of the conventional bill rather 
than proposing alternatives. After all, 9 out of 10 case studies rejected the idea of 
changing the current format of the bill. This will be described in Chapter 4. 
2.2.7 Standard Method of Measurement 
As mentioned earlier, the first SMM was published in 1922 by the Surveyors' 
Institution mainly to have a greater accuracy of work and uniformity of method of 
measurement. At that time little thought had been given to the post tender use of the 
estimate. , 
The only consideration considered by the joint committee had been the 
preparation of a set of standard rules of measurement of building works.. ., 
Since 1922, seven editions of the SMM have been published, each edition considering 
the changing requirements of the industry. During this period (1922-1988), various 
professionals and bodies had criticized the conventional B. O. Q. s and asked for 
numerous changes. One such requirement has been the improvement of the post tender 
use of the estimate. The fifth edition published in 1963, had a more fundamental 
approach than the earlier four editions. It reflected the changes in technology, the new 
materials available and the feeling abroad that the B. O. Q. should undergo a dramatic 
change. The trade-by-trade sequence was replaced by work sections, each with a single 
unit of billing. It was felt at that time, the use of standard phrases and a system of 
general clauses led to a clearer, more flexible and a more comprehensive document. 
However, despite these changes the new B. O. Q. measured in accordance to SMM5, 
contained largely the same type of information, directed principally to facilitate 
tendering. SMM5 did not attempt to introduce information in accordance with any new 
concept or formulate any guidance on the structure and presentation of information 
which might directly serve the needs of production. 
In 1972, the Joint Working Party on Measurement Conventions had concluded (Royal 
Institute of Chartered Surveyors 1972) that the method prevalent at that time, SMM5, 
was out of date. The committee had produced specific recommendations and 
suggestions to the establishment. of a SMM Development Unit. The development unies 
criteria was to produce an edition of SMM, which would be the result of a more 
comprehensive study of the way the content and arrangement of measurement 
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information could better serve the needs of all involved, and be more closely compatible 
with the rest of the project information (Department of the Environment 1978). The 
sixth edition (Royal Institute of Chartered Surveyors 1979) was an interim measure to 
meet the requirements of specialist sub-contractors to revise the content of certain work 
sections, hence did not include all the requirements of the Development Unit. 
In preparing for the seventh edition, the Development Unit had been trying to find ways 
in which the then work sections could be improved to reflect the kind of work prevalent 
in the industry. The Development Unit had seen a need to organize the information in 
B. O. Q. to meet three main requirements. The first was to adopt 'work sections' 
reflecting the present structure of specialist trades and contractors. The second was to 
take account of the approach adopted in the'Structuring of Project Informatiorf report 
(Department of the Environment, 1972) on the arrangement and presentation of 
information for building projects. This was to separate units of work where this was 
likely to influence the contractors' choice of construction method or the sequence of the 
work. The third criterion was that of the location of a particular part in the building 
which might cause the work to be operationally distinct. 
The group of bill items structured in this way would be presented in a predictable and 
consistent manner so the contractor could choose how he wished to relate them to his 
own construction programme. That is, the criteria had been to re-structure the SMM to 
help the contractor. The Development Unit had believed that the best strategy was to 
improve the method of measurement to produce a better B. O. Q. which support the 
contractor, but not to replace the B. O. Q. This concept was again confirmed by Willis 
(1988) the chairman of the Standing Joint Committee for SMM, when he explained the 
Development Unif s terms of reference. 
In 1988, SMM7 (Royal Institute of Chartered Surveyors 1988a) was published and-the 
work envisaged by the working party has been completed. However, apart from co- 
ordinated information, SMM7 has not considered the successful data management of 
other management functions. Again, the format of the B. O. Q. was untouched. After all, 
SMM is a set of rules for measuring, not a set of rules for billing (Willis 1988). 
Therefore it does not dictate the format of the presentation of the bill. Various 
professionals have written on SMM7's degree of achievement of the needs such as; 
shorter B. O. Q. (Sims 1987c, Quier 1987, Stevens 1987, Barnes 1988 and Strotton 
1988), clear information to the estimator (Barnes 1988), - reduction of estimating and 
quantity surveying time (Strotton 1988), linking with library of standard descriptions 
(Willis 1988), and links with the computer (Willis 1988). SMM7's concept on co- 
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ordinated information with documents such as drawings and specifications has also 
been mentioned (Willis 1988, Alott 1988). However, up to date, no investigation has 
been done on SMM7's degree of achievement on the reduction of complexity in data 
use by the contractor's management functions. In fact, SMM7 has not considered the 
post tender use of the estimate and the data management by contractor's management 
functions. The co-ordinated information concept also does not define the proper post 
tender use of data. More information on Co-ordinated Project Information (CPI) is 
given in Section 2.2.8. 
2.2.8. Co-ordinated Project Information (CPI) 
It has long been appreciated that when the information provided to contractors is 
insufficient, conflicting or incorrect, it leads to problems on site with a consequent 
reduction in the quality of the work, delays and increased costs. The basis for this 
variability in the information is the lack of co-ordination between the contract 
documents. Information needed by the contractor is usually produced in a wide variety 
of offices of different disciplines, each producing parts of the information in their own 
way and subject to their own, independently developed conventions. Therefore, it was 
thought that any attempt to co-ordinate such information would improve the consistency 
between them and help the contractor in his work. 
The need for improvement of communication began to be apparent in the late 1959s, 
and in 1961 the RIBA introduced the SfB system of classification as a common 
language for the building industry. In 1963 the Joint Consultative Committee of 
Architects, Quantity Surveyors and Builders launched the Building Industry 
Communications Project. Since then many local authorities and large firms of 
consultants and contractors had developed information systems of their owl! 
(Department of the Environment 1971). In May 1966 the then Ministry of Public 
Building and Works established a Committee on the Application of Computers in the 
Construction Industry (CACCI) which in turn commissioned a study of Coding and 
Data Co-ordination for the Building Research Station (BRS). BRS completed the study 
in 1968 (Building Research Station 1969) and recommended that the work should be 
continued in this important field. CACCI proposed that the National Consultative 
Council should implement its (BRS') recommendation by forming a working party. 
Therefore, in late 1968, the National Consultative Council of the Ministry of Public 
Building and Works set up the Working Party on Data Co-ordination. The terms of 
reference of the Working Party had been; ' to consider proposals for the improvement 
of information flow in the construction industry; to advise on all measures necessary to 
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implement the proposals, taking'into account the need to secure widespread industrial 
co-operation in the adoption of any uniform system and the need for compatibility as far 
as possible with existing and future developments in or affecting the industry'. 
In 1971, the Working Party on, Data Co-ordination (Department of the Environment 
197 1) produced if s final report. The report proposed a development of a co-ordinated 
system which would enable information to flow more freely and be used more 
efficiently throughout the industry. Work on separate sections (eg: drawings, B. O. Q. s, 
computer applications) were described and recommendations were made for future 
work which would be necessary to develop the total system. To observe the progress 
made in co-ordinating information since that report, a survey was carried out by the 
National Building Agency (NBA), under the guidance of the Standing Committee on 
Computing and Data Co-ordination. This survey pin-pointed project information as a 
priority area (Department of the Environment 1978). The Working Party had produced 
a separate report, 'Structuring Project Information' (Department of the'Environment 
1972); which dealt with the arrangement and presentation of information for building 
projects. However, the NBA survey revealed that the Working Party's proposals, in the 
main, were still to be implemented by the industry. Therefore, the standing committee 
proposed a further study, and in particular to achieve greater co-ordination between 
B. O. Q., specifications and drawings, an improvement in their content. 'Me result was 
the establishment of a Project Information Group (PIG), mainly to examine the 
development in the project information field at that time and determine how these can 
best contribute to making the design and building process more effective. The 
examination should take into account the recommendations contained in the Working 
Party's 'Structuring Project Information' report. 'Me Project Information Group (PIG) 
identified the trend and difficulties, and reported (Department of the Environment 1978) 
the action which should be taken to affýct an improvement. PIG also recommended the 
establishment of a group as Co-ordinating Committee on PrqJect Information to monitor 
progress on new developments and to ensure that co-ordination is continuing. 
To continue the work, in 1979, the Co-ordinating Committee for Project Information 
(CCPI) was established by the Royal Institute of British Architects (kIBA), Royal 
Institute of Chartered Surveyors (RICS), Building Employer's Confederation (BEC) 
and the Association of Consulting Engineers (ACE). The main objective of CCPI was 
to extend, clarify and simplify the national conventions used in communication between 
designers and contractors; and hence to bring about a general improvement in the 
documents used for, the procurement, and construction of buildings. The main 
documents were, of course, drawings, specifications and. B. O. Q. The main areas of 
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improvements to be made were, firstly, the technical content of the documents and 
secondly; the effectiveness of the co-ordination between them. 
The outcome of CCPI's work was a set of conventions (Co-ordianted Project 
Information 1987a, 1987b, 1987c) which give comprehensive guidance on the 
preparation of co-ordinated project documents. The SMM7 (Royal Institute of 
Chartered Surveyors 1988a) and the Code of Procedure for Building Works (Royal 
Institute of Chartered Surveyors 1988b) have also been-prepared conforming to the 
common arrangement. Each of these conventions concentrates in detail on its own 
special subject. To provide an overview of the co-ordination initiative, a guide, titled 
'Co-ordinated Project Information' (Co-ordinated Project Information 1987d) has been 
produced. It includes resumes of each of the conventions and example project 
documents. 
The main theme 'Common Arrangement of Work Sections-CAWS' (Co-ordinated 
Project Information 1987a) has been developed to define an efficient and generally 
acceptable- arrangement for specifications and B. O. Q. on building projects. The other 
conventions have been developed for implementation purposes. The new approach has 
more work sections (about 300) than the SMM6, and has finer details, in sub- 
contracting work. It states that the agreement of a set of common categories at this finer 
level could make it easier to divide information for distribution to sub-contractors and 
suppliers both for estimating and subseqently getting'the work built. In existing 
practice, many trade sections are so large that within each trade it is often difficult to 
relate a bill item to a particular group of specification statements and vice versa. A 
common arrangement which divides work into much smaller sections would facilitate 
reference between measured items and the specification. Moreover, such an 
arrangement would strongly encourage designers, when annotating their drawings, to 
incorporate simple but precise references to the relevant sections and clauses of the 
specification. Such references would also automatically apply to the sections and items 
of the quantities. 
Traditional quantities and specifications (preambles) are available both in technical 
content and the way in which they describe things. Wider use of standard specification 
clauses would give greater consistency of technical content and description. Therefore, 
a common arrangement supported by detailed section definitions would make the 
relationship between specifications and quantities more reliable, promoting a more 
consistent level of description in the quantities. The overall effect would be to make the 
amount of information in the individual project documents less variable, and to give 
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greater predictability as to the location of information. There would be less repetition 
and the documents would be more simple in use. 
The industry is changing to SMM7 and CAWS (Allott 1988, Willis 1988), and most of 
the organizations now follow SMM7. Even the quantity surveying and estimating 
software houses are changing to SMM7. But, most of the practitioners know little about 
the CAWS and its potential use other than it is the new and unfamiliar format for SMM7 
(Allott 1988). The conventions are designed, in thb main, for Architects, Engineers, 
Surveyors and others who produce project documents. Contractors and Sub-contractors 
should follow their documents. However, the benefits of better project information 
depend upon a positive response from Estimators, Project Planners, Purchasers, Site 
Agents and Site Supervisors. According to CCPI, they will be able to use the co- 
ordinated project documents more effectively if they first obtain a good general 
knowledge of the CCPI proposals. Therefore, it was thought that, in this research, this 
new approach should be included and tested as a possible answer to the inefficient data 
management. However, all the conventions are imposed by the client or consultant at 
the production of tender documents. If they do not follow the common arrangement, the 
contractor cannot use the conventions, because he cannot change the already available 
documents. Only for contracts which are awarded as a package deal or project 
management can the contractor impose his own documentation. 
Of the above conventions, only the CAWS can be used by the contractor for his own 
estimating purposes, and to obtain benefits for subsequent management functions. 
Therefore, in this research, only the use of CAW4 by the contractor is included. Again, 
if a contract is awarded with a bill which does not follow CAWS, then the. contractor 
cannot change the sections in the bill. In that c ase, 'only the theme 'Common 
Arrangement'can be used by the contractor for his own estimating data. Therefore, the 
theme'Common Arrangement' was tested by introducing it into-the classification and 
coding of the building data. More detail on classification and coding is given in Section 
2.3. The developed method is described in Chapter 6. 
The classification and coding of building data using a common arrangement is an 
extension of the new approach to the post tender use of estimating data. Any findings 
and conclusions derived from that would probably reflect the practicability of the 
common arrangement in the contractor's estimate for post tender use. 
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2.2.9. Summary of the past work. on format of the B. O. Q. 
Before 1922, no standard format to the B. O. Q., was available. Therefore to have the 
uniformity to the measurement, in 1922, the first Standard Method of Measurement 
(SMM) for Building Works was published. Thereafter, a lot of work has emerged on 
the format and presentation of the B. O. Q. 
Until the 1950's the bill changed very little either in content or presentation. The 
revisions to the SMM were largely retrospective and empirical., However, the 1950's 
saw the beginning of an era of new thinking, and a call for change in the structure, 
content and presentation of the bill. 
The introduction of the 'Elemental Bill' in early 1950's was an attempt to help the 
planning. The builders' reaction was unfavorable due to the numerous disadvantages of 
using it, similar items appeared in more than one element and the work involved in 
pricing was thus increased. There had not been any consistency in identifying elements. 
Furthermore, the elemental bill does not consider the requirement of breaking down the 
unit rate to its components of labour, plant and material. Therefore, subsequent 
management functions still needed to regenerate the data for their tasks'although the bill 
is on a separate element basis. I 
The introduction of the'Sectionalised Trades Bill'was an attempt to meet the criticisms 
centered upon the elemental bill. However, ý the response from the industry was very 
poor. Again, the need for breaking down the unit rate was not considered important. 
The Quantity Surveying Techniques Working Party of the Cost Research Panel (1962) 
concluded that neither the elemental nor the sectionalised trade bills appeared to be 
amenable to amendment which would enable contractors to relate site costs to bill 
pnces. 
In the earlý 1960's, a new concept for the preparation and presentation of measured 
information, known as the 'Operational Bill' was developed by the BRS. It had been 
considered as a rýtional attempt to provide the builder with a document, better suited 
than the conventional bill, to the pricing, planning and control of building work. 
However, a number of major problems emerged. The preparation of the precedence 
diagram by the client/consultant had resulted in confusion to the contractor, because his 
method of working differed from the operational sequence given by the clien The need 
to prepare drawings in relation to the operational methods had resulted more work to the 
client. The additional cost of the new bill was substantial. The bill was very unpopular 
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among clients because they had to provide bills for each tenderer with this additional 
expense. "Again, " as in elemental bill, no standard format to identify and group the 
operations were available. Although the unit rate was broken down to material and 
labour costs, the information given was not sufficient. Some confusion had occurred 
when allocating plant costs to each operation. The problems of identification of similar 
operations in different building projects and relating financial experience gained in one 
contract to another had also resulted unpopularity. 
As with sectionalised trades bill some 10 years earlier, a revised document, the 'Bill of 
Quantities Operational Formae, was introduced to counter these criticisms. Although 
the preparation and obtaining of tenders was little easier than with the operational bill, 
this format also had the same drawbacks as the operational bill. In addition, because of 
the inclusion of the unit rate rather than the split rate, the repetition and regeneration of 
measured data by the contractor's subsequent management functions were still present. 
Furthermore,, as in operational bill, the result was a significant duplication of effort and 
a very lengthy tender document. According to Skinner (1981), the B. O. Q. operational 
format had found no more popularity than the operational bill., II 
The format of the B. O. Q. was challenged again in 1983 by the British Property 
Federation (BPF). They launched theBPF SystenY in order to attempt to dense a more 
efficient and co-operative method of organising the whole building process. However, 
even the members of the. BPF have been reluctant to use the new system, mainly 
because they were used to the existing system. Preparation of a SOA and detail 
drawings had given numerous problems to the contractor. In most of the cases, the 
contractor had prepared a B. O. Q. for internal use, and a SOA for external dealings with 
the client. This had resulted'more work and repetition rather than simplifying the 
contractor's use of the estimate. The BPF system is dictated by the clients for their 
advantage. Although the manual claims some possible improvements in contractors' 
work, it has not been proved so far. Moreover, its a total system from the conception to 
the completion. The contractors organization cannot implement the system for their 
estimating and other work unless the client agrees to such a system. Therefore, this 
approach is applicable only for some parts of the contractor's work. The intention of 
this research is to minimize the contractor's re-work in data use. 'Me BPF has not given 
consideration to such aspects, in fact, it would create more complexity having two 
forms to work with two types. of contracts-. 
In 1985, ' another new format called 'Builders' Quantities' was formulated at the 
Loughborough University of Technology, for contracts without B. O. Q. This study 
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was confined to contracts which are awarded as turn-key or package deal. The 
contractor has freedom to measure and price the job in his own way. The proposal was 
to define a set of builders' quantities, that could accurately describe the work for 
estimating purposes, whilst at the same time providing an operational management 
document for use by other management functions. The proposal is a more advanced 
version of the earlier operational bill. This bill is prepared by the contractor, hence the 
incompatibilities between client and contractor as in the operational bill would not affect 
the contractor. However, not being computerized, the method has been laborious work 
for the contractor's estimator. The taking-off sheet which is supposed to be given to the 
subsequent management functions was not detailed enough for direct use. Although 
some field trials have been carried out in 1987-88, the implementation of the proposals 
never happened to obtain the feedbacks from the users. As in the BPF system, this 
approach also would create more complexity in contractor organizations who adn-dnister 
different types of contracýS. Again, if the contractor organization receive more works at 
the conventional type, they would not change the existing methodology to suit a smaller 
part of their work. Therefore, any proposal should reflect the conventional B. O. Q. if it 
is to be implemented by the contractor organizations. It. was thought. that the best 
strategy was to improve the extent of use of the conventional bill rather than proposing 
alternatives. 
Since 1922, the SMM has been published seven times, each considering the changing 
requirements of the industry. 7he 5th edition changed the trade-by-trade sequence to 
work sections order, but contained the same type of information directed principally to 
facilitate tendering. The SMM Development Unit, established in 1972, started the work 
on arrangement of measurement information that could better serve the needs of all 
involved. Ile sixth edition, published in 1979, was an interim work on meeting the 
criteria, hence the Development Unit continued the work for a seventh edition. The 
criteria had been to re-structure the SMM to help the contractor while still meeting the 
primary need of a tender document. They had believed that the best strategy was to 
improve the method of measurement to produce a better B. O. Q. which supported the 
contractor; but not to replace the B. O. Q. However, apart from common arrangement, 
SMM7, which was published in 1988, had not considered the successful data 
management by contractors' management functions. The format of the B. O. Q. was 
untouched, in fact, SMM is a set of rules for measuring, not a set of rules for billing. 
Therefore it does not dictate the format of presentation of the bill. 
In late 1968, the Working Party on Data Co-ordination was fon-ned to study possible 
improvements of information flow in the construction industry. Continuing on its 
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proposals, th6 Project Information Group was established in late 1972's to observe the 
developments in project information and then to see the implementation of the working 
party's recommendations. The Project Information Group (PIG) identified the trends 
and difficulties and reported the actions. As a result, the Co-ordinating Committee for 
Project Information (CCPI) ývas established in 1979 to prepare conventions to improve 
the communication between the client and the contractor. The work was to establish a 
general improvement in the documents used for the procurement and construction of 
buildings., 
The outcome of CCPFs work was a set of conventions which gave comprehensive 
guidance on the preparation of co-ordinated project documents. SMM7 also confirmed 
the idea oftommon arrangement. I However, all the conventions are to be imposed by 
the client or consultant in the production of tender documents. Only the theme 'common 
arrangement' could be used by the contractor on his own. Therefore'in this research the 
theme common arrangement is included for the classification and coding of building 
data. In fact, the classification and coding of building data using a common arrangement 
is an extension of the new approach to the post tender use of the estimating data. Any 
findings and conclusions derived from that would probably reflect the practicability of 
the common arrangement in the contractor's estimate for post tender use. 
Therefore, it is evident from the past work that any change to the format of the B. O. Q. 
should be formulated within the limitations of the conventional measurement rules of 
the B. O. Q. Any revolutionary deviations from the conventional type B. O. Q. would 
create more complexity. In fact, the change which is required by the industry has been 
studied by a development unit and is now included in the SMM7. Therefore, until the 
SMM7 is widely used and responses obtained, the industry does not need any radical 
change. The best strategy is to improve the extent of use of the conventional B. O. Q. 
rather than proposing alternatives. In this research, a simple format to the contractor's 
presentation of the bill, which also confirms the conventional practice, is proposed to 
improve the extent of use'of the estimate. More detail on this new approach is described 
in Chapter 6. 
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2.3 CLASSIFICATION AND CODING 
Classification is the systematic arrangement of similar fields or components into 
suitably defined categories, and Coding is the allocation of symbols to the classified 
categories (British Institute of Management 1971). 
Information can be classified in various aspects depending on the objectives of the user. 
For example, the people in Britain can be classified according to age group or according 
to their educational level depending on the requirements. They can also be classified 
according to their educational level within the classified age groups. Therefore, before 
attempting to develop or use any available classification system, it is essential to have a 
precise understanding of the objectives and requirements of the system. 
After cla§sifying, coding gives symbols using either numeric digits or alphabetic or a 
combination of alpha-numeric. - However, considerations such as; easy identification, 
consistency, simplicity, expandability etc. should be analysed to have a practicable and 
efficient coding system. This section outlines the requirements and use of the 
classification and coding of building data in the building construction industry with 
some reference to available systems. 
2.3.1. Building Data 
The information available and used in any type of construction organization can be 
surnmarised (Pasquire and McCaffer 1985a) into two broad categories as; 
(a) General - invoices, time sheets etc. for company accounting 
-suppliers current price lists 
company prices and unit rates (updated) 
technical information from supplier/subcontractor 
technical information on standards (BS, CP, etc) 
company expenses and over-heads 
current and anticipated work loads 
location and availability of resources 
market conditions and prices of similar work 
(b) Contract 
Specific tender documents (drawings, specifications etc. ) 
scope of the works 
correspondence with client, consultant etc. 
itemized and quantified description of works 
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- prices and rates used to price the works 
- costs paid and prices charged for the works 
- total quantities of each resource 
- invoices, time sheets etc. for the contract 
variations to the contract 
Many people, without considering the difference in meaning, use the terms 
'information' and 'data! inappropriately. The term 'data! is used for the initial stage of 
information, whereas the information are the facts available for decision making in any 
type of work. To have information, data should be processed and end results should be 
achieved. Pilcher (1985) had identified this finite difference and had defined the data as; 
(1) The facts that have been obtained through researchi by measurement or observation 
and subsequently have been recorded. 
(2) The facts that are used as basic material input to a form of processing which may be 
that of reasoning, or calculation; or both. 
Data or facts become information when they have been through this conversion 
process. For example, the details of the resources that have been used in order to 
produce a specific amount of concrete, are considered to be data and if the resources are 
then processed to become resources per cubic meter of concrete produced, the data is 
converted to information. 
However, a piece of information can be considered as a piece of data depending on the 
way of using it. For example, the above infon-nation "resources per cubic meter" can be 
treated as data for the estimator who uses them to price a bill. This can be seen as a 
never ending chain with information becoming data for the creation of further 
information. 
> Information 
(Data) -------- > Information 
(Data) --------- > Information 
(Data) ---------- > 
Only the information in bold letters, when used as data in the Building Construction 
Industry, are considered in this research for classification and coding purpose. When 
administering the works, ý these data are used with a lot of re-work and repetition,, hence 
need a better co-ordination. They are broadly categorized and known in the industry as 
Resources, Build-ups and Bill Items. In this research the term 'Building Data' is used 
for them and it is believed that an effective classification and coding system would 
facilitate a better management of them. 
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2.3.2. Importance of classification and coding, the building data 
All the management functions use the data for their decisions; hence, fast and easy 
tracking of correct data would give an immense support to increase the efficiency of the 
management. This would result a better image of the organization. Since the image and 
reputation (good-will) of an organization is the core of the success in the very 
competitive building industry, any improvement to this would definitely be welcome by 
the management. 
Building construction is a very competitive business, hence forecasts of future costs 
regarding Estimating, Planning, Cost Controlling and Project Management are crucial 
for the advancement of any organization. The need is not only to win but also to finish 
the projects. well within the limitations of money and time. Since the industry is 
subjected to change everyday, it demands monitoring and updating the present and past 
performance in regular intervals to have correct forecasts. For this purpose, an 
enormous amount of data should be - stored and processed. If no ý well defined 
classification and coding system is used, it would become laborious and tedious, 
resulting inefficiency. The lack of such a system may also lead to incorrect forecasts 
resulting drastic effects on company profits and reputation. 
Another important use of classification and coding is the efficient data management 
within and between the management functions of contractor organizations. In building 
contractor organizations, the'estimator, using the available data, prepares the estimate 
generating prices and rates (data) for projects. The other management functions such as 
purchasing, planning, valuation, cost controlling etc. should have easy access to the 
above estimator's data to perform their tasks. It has been found (Pasquire and McCaffer 
1985a) that the use of data at above management functions involves a lot of re-work and 
repetition resulting complexity in the flow of data. The use of an efficient classification 
and coding system would support the data management, hence would reduce the 
complexity in data flow. Therefore, in this research work; a classification and coding 
system was developed (Chapter 6) to support the better use of estimating data at the 
contractor. :II 
The benefits of computerized work (Estimating, Project Management etc. ), with the use 
of libraries, depends on the efficiency of the coding system. Therefore, in the Computer 
Aided'Estimating and Total Project Management era, it is essential to have a fully 
developed classification system building data. 
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2.3.3. Criteria for the classification and coding 
Many researchers and practical professionals have introduced various theories on the 
development of classification systems. The main concept is to follow a specific criteria 
when developing a system. However. ' this criteria totally depends on the user, - hence 
cannot be specified as hard and fast rules for the overall industry. Among many others, 
Crisp(1966), Morrison(1967), Building Research Station (1969), Jabri(1981), 
Sher(1981), Baldwin and McCaffer(1984) had pointed out some useful considerations 
for standard criteria for classification systems. These suggestions (most of Sher's) are 
summarised here, but it should be noted that this is a guide, and all the factors may not 
be applicable to some organizations. 
2.3.3.1; Unique and unambiguous identification 
This is the most important requirement of a classification model where each piece of 
data is identified by a different code. It is obvious that if one code refers to several items 
or, several codes are used to describe one item, the system would not be practicable. 
2.3.3.2. Recognizability 
The user of the classification system should easily be able to identify the code of a 
particular item or translate the code to the corresponding information. If the user is 
forced, or advised, to refer lengthy documents or bulky files to obtain the code of a 
particular item and vice versa, the obvious reaction would be the rejection of the system 
because of the tediousness. The practicability of the use of any system totally depends 
on this, and the argument of efficient data management with less re-work would be lost. 
With a well designed coding system it should be possible to get the code right first time. 
This aspect is a function of the presentation of the classification and coding, hence 
following factors should be given a careful consideration in devising a good coding 
system (Stewart'1971). 
(a) Logical Sequencing The sequence in which the coding is presented should be 
logical in terms of the user's task. 
(b) Spaciousness Spacing and blanks in the presentation of the code are 
important; both to emphasize and maintain the logical 
sequencing or structure and also to aid the identification 
and recognition of items of information. 
(c) Relevance There is a natural desire to ensure that the user has 
available all information of real and potential relevance. 
This would result a lengthy and complex coding system 
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which would definitely be a burden to the user. Therefore, 
it is essential to identify and classify the most relevant 
information of the data. 
(d) Consistency The value of consistency is that unfamiliar sections can be 
more readily and accurately interpreted if it confirms to 
existing practices in its use of language and structure. 
(e) Grouping Where there are relationships between items it can improve 
1. ý the presentation, if relevant items are grouped together. 
(f) Simplicity, All the above factors should be taken into account, but the 
over riding consideration should be to present the code in 
the simplest way. 
To have easy identification it is desirable to include some of the characters (letters) of 
the description of the data to the code. For example all the concrete items can be coded 
taking "CN" as the I st two characters of the code with other characters to describe the 
differing requirements. According to Crisp(1966), the code should be one that one can 
think in without effort, in the same way as a language, that one can more or less 
guarantee to get right first time and the feasibility of which one can check at the merest 
glance. 
2.3.3.3. Level of detail 
Ibis is very important; because the usual tendency is to give as many details as possible 
and to'classify the data to finite different elements. For example concrete beams may be 
classified to the levels of depth, width, floor level, capacity, mix type, aggregate type, 
cement type etc., which'would obviously be impracticable to cope with. Such a level of 
detail would give a bulky library of data resulting in tedious and laborious work. If only 
a low level of detail is included, it gives more general information which may not be 
adequate. Therefore, there should be a balance between the levels of detail. What is 
required is that any classification system should cover the work normally undertaken by 
a particular organization with general items defined for the purpose. The degree to 
which a code should be refined to cater for more unusual items depends upon the 
organization itselL 
2.3.3.4. Length of code 
'Me length of the code should be as short as possible. A short code reduces entering 
errors and time taken to enter, but increases the time taken to identify and sort unless 
stratified. Mong code complicates and decreases recognizability, hence reduces the 
efficiency of data management. On balance the shorter code has more benefits. In 1969, 
48 
Farrar and Malthouse (1969) had found that six digits had been successfully used by 
some organizations. In case studies conducted in this research(1989), it was suggested 
by most of the users that 6-8 digits-would be most ý practicable. This indicates that 
although the technology has improved (use of computers, better classifications etc. ) the 
criterion for the length of the code has not been changed. This is because that the code 
is also used by humans (management functions) not only the computer. 
Another aspect is to have a variable length to the code. The suggestion is to have 
variable levels to classifications with some items having a shorter code because of their 
small variation in properties. This means that there is no restriction to the length of the 
code of any item. However, it was again suggested that an upper limit of 12 digits 
should be included to reduce the complexity. From this method, the data which have 
less information to be classified can have a shorter code while the data which have more 
information can have a longer code, hence the balance between level of detail and a 
shorter code is obtaine& However, this irregular length may cause some practical 
difficulties such as; entering errors, identification errors, lack of consistency etc., which 
would again result complexity and impracticability. Therefore, the decision on the 
length totally depends on the user and the objectives where he should decide on the 
balance between all the considerations. -, ý' ýI"I 
2.3.3.5. ExpandabiliLy ý 'n 
Whenever the user requires to add some more data to'the classified system, the 
established codings need not to be changed. Not only the structure of the code (length, 
spaces etc. ) but also the given characters should not be changed to cater for additions. 
This is referred to as the expandability and a good system always thinks ahead and 
allows for future expanding of the data. ,- 
2.3.3.6. Accommodation of dimensions 
In order, to store performance data relevant to various items., the classification must 
allow for the definition of dimensions as and when required. (Again, storing of 
perfonnance data depends on the objectives of the user. ) 
2.3.3.7. Option for choices - 
Depending on the requirement, the user may have different choices to include in a 
system. If the presentation and structure of the code represent such options it is easy to 
extract data. That is, recognizability should be a representation of the choice. For 
example, when estimating an item, the estimator's choice of resources depends upon 
many factors including the quantity of work, restrictions (if any) on working conditions 
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and the height of the work above ground level. If the estimator is to use an estimating 
system similar to INTEREST(Baldwin 1982) system, ý he has to be able to store'and 
retrieve performance data particular to differing conditions. To enable him to do this, 
the classification should in some way include the choice of method, thus representing 
the required method of operation. 
2.3.4. Objectives and Requirements of classification and coding of the 
- -Building Dataý ' 
Crisp(1966) had suggested that the primary requirement of a code is that it ought to be 
an adequate means of communication. According to him, the need for the code to serve 
as a system of library classification is only secondary. However, when consider a 
particular set of data (ex: Building Data) it can be classified according to various ways 
depending on the users requirements. Therefore, the objectives of classification depend 
upon the user's requirements from it. In other words, the objectives and requirements 
of the classification and coding are depending on the user' s objectives and requirements 
to have such a system. 
Common objectives found in the industry may be one, two or more of the following. 
(a) To store and retrieve prices and rates for Estimating (Baldwin 1982). , 
(b) To store and retrieve usages and prices for Estimating (Baldwin 1982). 
(c) To store and retrieve description of works (Baldwin 1982). 
(d) To store and retrieve technical information on each data (BRS 1969). 
(e) To store and retrieve Manufacturer's specification (BRS 1969). 
(f) To store and retrieve Performance qualities (BRS 1969). - 
(g) Stock controlling at stores (Morrison 1967). 
(h) Cost controlling at sites (Pilcher 1985, Roberts 1980, Abdullah 1988). etc. 
Many people try to use available systems and find difficulties' with them. This is 
because they try to use systems designed for objectives which are different to their 
requirements. For example, a classification system designed for cost control, if used to 
classify and obtain prices and rates for estimating purposes, would result inefficiency 
and complexity. If the user requires to do both estimating and cost controlling using the 
same code, then the'classification would neither be the one designed for estimating, nor 
would it be the one designed for cost controlling, but a different one designed to do 
both. 
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The main objdctive of the classification and coding system developed in this research is 
to have a common basis for the building data. This is to facilitate the direct use of 
estimating data by other functions with less re-work. Therefore, when classifying, 
consideration has been given not only to estimating but also for purchasing, valuation, 
site managerpent and cost controlling purposes. 
Another objective was to classify the building data with a common arrangement to other 
documents. Resources, build-ups and bill items should have a common arrangement 
between them for easy cross referencing. If the client, consultant and the contractor 
follow the same system, then a common basis for drawings, specifications and the 
building data also can be incorporated. 
This common basis was a long felt need (Co-ordinated Project Information 1987a), and 
if applied successfully, would definitely solve most of the problems of data 
management in construction organizations. More information on Common Arrangement 
is given in Section 2.2.9. The suggested solution in this research is to have a common 
code with different levels for different applications. For example the full code 
(classification) is used for the estimating purpose while a pre-defined lower level (1st 
two characters, last three characters etc. ) may be used for the cost controlling purpose. 
This is because, for cost controlling purpose, grouping of data to cost centres is the 
usual case. 
2.3.5. Available systems 
Many different kinds of classification systlýms are available in the world to classify and 
code any type of data. Most of them are specially designed to suit the requirements of a 
particular business, hence need careful consideration before application. 'Me researcher 
has studied in detail the most important systems to identify and select any method which 
satisfies the objectives and requirements given in Section 2.3.4. This section gives a 
brief description of these systems. 
2.3.5.1. ne Universal Decimal Classification (UDC) 
The Universal Decimal Classification is an internationally standardized extension of the 
Dewey decimal system (Dewey 1971),. which was introduced in the United States by 
Melvil Dewey in 1873. It is widely used both by librarians for the arrangement of 
books on their shelves and for general documentary purposes. It is administered by the 
International Federation of Documentation (FID). The history of the UDC is given in 
RIBA's SfB/UDC Building Filing Manual (Royal Institute of British Architects 1961), 
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-and detail of the classification can be found in BS. 1000A (British Standard institution 
1957). 
2.3.5.2. The SfB sysiem 
The SfB system, which 'evolved in Sweden during the. years 1946-50, has gained 
international acceptance and is recommended by International Council for Building 
Research studies and Documentation (CIB), and International Building Classification 
Committee (IBCC) as a system for registration within the building field. The letters of 
its name come from the Swedish name of the committee that created it, the 
"Samarbetskommitten for Byggnadsfragor". 
According to the RIBA(1961), it had been designed as a compliment to the UDC for 
such purposes as; 
1. The arrangement of the contents of B. O. Q. and building specifications and data on 
building prices. 
2. The filing of technical information in the office, particularly product information. 
3. The filing and referencing of working drawings. 
According to RIBA(1961), by the extensive application of the system in this way it had 
been found possible to co-ordinate products, prices and specifications of work on the 
same basis. 
2.3.5.3. SfB/UDC system 
The SfB/UDC system is an international method of classifying information which has 
been specially devised for those engaged in building. The system is a result of the study 
conducted by IBCC in 1957. The idea was to use the two general use systems SfB and 
UDC together for better results. UDC can be used for subjects of general knowledge 
whereas SfB is recommended for elements, components and materials. In 1961, the 
results of this work was published in English by RIBA(1961) to help both prod ucers 
and users of building information, in particular to make it possible for practitioners to 
keep a reference system in the office. Although there are more newly formed systems 
available now, the RIBA still uses the SfB system to classify the products in RIBA 
Product Selector (Royal Institute of British Architects 1989). 
However, the system may not be directly applicable for classification and coding of the 
building data to fulfil the objectives and requirements. After all, as given in Table 2.4, 
the system only gives a major classification to the work sections. Now the Common 
Arrangement of Work Sections (CAWS) has been introduced, RIBA's CI/SfB Agency 
is preparing an index of CAWS categories and items, giving references to where 
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relevant information may be found in libraries arranged by the present CI/SfB system 
(ARott 1988). 
Table 2.4 An extract from SfB/UDC main tables 
E-Ih2 CONSTRUCTION 
E Concrete: General Including concrete work section, 
specification, and quantities. 
Ed2 Concrete: Reinforcement All types. 
Eq4 Concrete: Heavy, In situ Normal concrete cast on site. 
Eq6 Concrete: Lightwt, In situ Concrete using light weight aggregates or 
aerating techniques. 
Er2 Concrete: Gypsum, In situ 
Ex Concrete: Prestressed: General Including Post-tensioning 
2.3.5.4. Building Research Station's MRS) proposals 
In 1966 a sub-committee on coding and data co-ordination was set up to carry out a 
study with the following terms of references; "To study the present characteristic and 
probable development of the information used in the design and execution of 
construction work; to, determine the, criteria for a coding system which would enable 
computer-processed information to be used more effectively, both within the individual 
firms and offices and in communication between them, thereby leading to greater 
efficiency and economy; and to make recommendations" (Building Research Station 
1969). 
The work of the committee resulted in recommendations for a framework that would 
serve to co-ordinate information systems. To use the framework, a classification and 
coding also was recommended to allow information to be filed, retrieved and stored in 
ways useful to the industry. The following categories had been recommended. 
Building type, Functional system, Building element, Technical solution, Commodity, 
Construction method, Work section, Work element, Operative occupation, Plant and 
equipment. 
Further details of these classification facets can be found in the report of the committee 
published by the Building Research Station (BRS) in February 1969. An illustration of 
a code for the construction industry had been given in Appendix H of that report. Four 
code fields were suggested as; (In formats 'a' denotes any upper case letter and 'M 
denotes any numeric digit) 
1. Primary Classifier with format NaaaN 
This has three distinct fields within it and is crucial to the code fi-ame work. 
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2. Sub-classification NNNNNN 
This field will contain a sub-faceted classification of the most important aspects of the 
subject matter covered by the primary classifier that are amenable to classification. 
3. Location NNNNNN 
This field would be for locational information associated with the primary classifier, 
and it would be broken down into facets. 
4. Specification 
The definition taken here for specification is very broad and covers all information 
that it is useful to associate with the primary classifier including statistics and links to 
almost any part of any data system established. 
An extract of the classification is illustrated in Table 2.5. - The recommended system 
gives a very detailed code to store all the information of any field in the construction 
industry. The total structure of the code cannot be used for the estimating and other 
related functions because of the length and the level of the details. As recornmendq4_in 
the report (BRS 1969) itself, depending on the requirement, the user can select a part of 
the code for a particular field. For an example the Estimator can develop the resources 
library only using primary classification. (eg; code for a door 3DORI) - 
Table 2.5 An extract from the classification of Doors according to the 
proposals by BRS(1969) 
DOOR 
Primary classifier (P) 3 DOR 1 Door (not folding or revolving q. v. 3 DOR 2) 
Sub classification, (U) 
NlN2 Dimension s (ft, in. ) N3Action N4Construction N5Fire N6 
MT) (DW) (DH) Rating Spare 
00 Unclassified 0 U 0U OU , OU 
01 1-1/4" l'O" 60" 1 hinge 1 flush solid -1 flush sol 
02 1-1/4" 1'9" 66" 2 pivot 2 flush frame '. -2 <1 /2 hr 
03 1-1/4" 2'0" 66" 3 sliding (top) .3 panel frame 31 hr 
04 1-1/2" 1'9" 66" 4 sliding (Bot) 4 solid board 42 hr 
05 1-1/2" 2'0" 66" 5 up and cover 5 slatted 54 hr 
06 1-1/2" 2'3 " 66" etc. etc. 
07 1-1/2" 2'6" 66" 
08 1-1/2" 2'8" 68" 
09 1-5/8" 2'6" 66" 
etc. 
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2.3.5.5. Der)artment of Transport (D. o. T. ) method 
Ibis is a classification system (Department of Transport 1978) developed for road and 
bridge works. The work is divided into sections by work type as given in the Method 
of Measurement for Highway Works (Department of Transport 1987). Details on how 
and in what units an item is to be measured are given in the system. The system also 
provides a format for B. O. Q. irrespective of the nature of the work. 
Gellatly (1982) had developed an improved structural classification for the method of 
measurement for road and bridge works. The objectives of the work was to develop a 
classification system which can readily hold estimates on a computer filing system and 
then to explore the possibility of incorporating such a classification system and build- 
ups in computer aided estimating systems. The project had produced a classification to 
meet these objectives. An extraction of the developed system is given in Table 2.6. 
IdUIC A. U A'Ill CALUMA IFUIII %ICIIULIV 5 %-IUSblllt: ULIUII 
P. Concrete 1. In situ concrete A. Grade E 1. O. P. Cement 
to structures 2. Blinding concrete B. Gra& 52.3/37.5 2. Rapid H-Cement 
C. Grade 52.5/20 3. Sulphate 
D. Grade 45/37.5 Resisting Cement 
E. Grade 45/20 4. Supersulphated, 
F. Grade 45/10 Cement 
G. Grade 37.5/37.5 5. White Cement 
H. Grade 37.5/20 
etc. 
3. Precast members A. Member 1. Reinforced 
B. Slab 2. Pretensioned 
C. Segmental Unit Prestressed 
D. Culvert 3. Post tensioned 
E. Culvert Hinge Prestressed 
F. Culvert Block 
G. Coping 
etc. 
4. Treatment of A. Bush Hammering 
concrete faces B. Exposed Aggreg 
after striking C. Knocked Rib 
form work D. 
SEMON 16 - CONCRETE FOR STRUCTURES. 
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2.3.5.6. " Civil EngineerinýStan&rd Method of Measurement(CESMMI 
Although the method (Institution of Civil Engineers 1985) is for Civil Engineering 
works, the approach is also applicable to classification of the building data. Since there 
are c ommon sections (ex: in situ concrete), adapting of the method is feasible. A system 
of work classification has been developed as the basis of the method of measurement so 
that B. O. Q. can be compared and used more easily. The system should enable much of 
the repetitive clerical work associated with the use of the B. O. Q. to be simplified, and 
make the use of computer easier. An example is illustrated in Table 2.7. 
The work classification incorporates a reference number for, each type of work 
component. These reference numbers may be used as a simple code for identification of 
work. Their use as part of the item numbers in B. O. Q. is suggested, but is optional. 
The coding is sufficiently flexible not to inhibit description of the particular work in 
each contract. For convenience of reference, each item in the work classification has 
been assigned a code number consisting of a letter and not more than three digits. The 
letter corresponds to the class in the work classification in which the item occurs and the 
digits give the position of the item in the first, second and third divisions of the class. 
eg: Code F562 identifies an item as 
Class F In situ concrete 
First Division 5 Reinforced 
Second Division 6 Beams 
Third Division 2 Cross sectional area 0.03-0.1 m2 
If additional descriptions (more than three divisions) are required to be included in the 
code, then a suffix number shall be used to distinguish items which have the same code 
but with different additional descriptions. eg: F562.1 
2.3.5.7. Standard Method of Measurement of Building Works - 
As mentioned in Section 2.2.7. the first edition of the Standard Method of Measurement 
of building works, published in 1922, was a comprehensive set of standard rules of 
measurement of building works. It was the then practice of the leading London quantity 
surveyors with some modifications to suit the practice in other parts of the United 
Kingdom. Since 1922, six more editions have been published, each giving 
modifications to the previous to face the changing industry. However, except to SMM7 
no clear classification tables as in CESMM have been introduced to any one of the 
above editions. The seventh edition, SMM7 (Royal Institute of Chartered Surveyors 
1988a), published in 1988, has changed the measurement rules from prose into 
classification tables. 
56 
Table 2.7 An extract from CESMM's work dassirication 
Class F: IN SITU CONCRETE . 
First Division - 
Second Division Third Division 
_ 
Provision of concrete Cement to BS 12 or BS 146 
1. Ordinary 1. Grade C7.5 or C10 1.10mm. aggregate 
prescribed mix' m3 2. C12.5 2.14mm aggregate 
3. C15 3.20mm aggregate 
4. C20 . 4.40mmaggregate 
5. C25 Cement to BS4207 (S. R. ) 
6. C30 5.10mm aggregate 
7. C35 6.14mm aggregate 
8. C40 etc. 
---------------------------- 
Provision of concrete 
-- - -------------------------- - -- 
Cement to BS 12 or BS 146 
2. Designed mix m3 1.10mm, aggregate 
--------------------------- -------------------------------------- 2.14mm aggregate 
Provisiofi of concrete 3.20mrri aggregate 
3. Special prescribed 4.40mm aggregate 
mix m3 Other stated cement 
5.10mm aggregate 
etc. 
Placing of concrete 
4. Mass m3 1. Blinding 1. Thickness < 150mm. 
5. Reinforced m3 2. Bases, Footings, pile caps 2. Thickness 150-300mm 
6. Prestressed m3 and ground slabs 3. Thickness 300-500mm 
3. Suspended slabs 4. Thickness > 500mm, 
4. Walls 
- - - -------------------------------------- 
5. Columns and piers 
----------- ------ ----- ------ 
1. cross section < . 03m2 
6. Beams 2. -. 03-. lm2 
7. Casing to metal sections I . 1-. 25m2 
4. . 25-lm2 
5- > lm2, 
------------------------------ - ------ 
6. special beam selection 
- ----- ---- --- 
8. Other concrete forms 
------------------- 
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Table 2.8 An extract, from SMM7's work classification 
E10 In Situ Concrete 
Classification Table 
1 Foundations m3 1 Reinforced 
2 Ground beams 2 Reinforced >5% 
3 Isolated founds 3 Sloping =<150 
------------------------- -------------------------- 4 Sloping >150, 
4 Beds 1 Thickness=< I 50mm 5 Poured on or against 
5 Slabs 2 Thickness 150-450 earth or unblinded 
6 Coffered and 3Mickness>450nim hard core 
troughed slabs 
7 Walls 
8 Filling hollow 
walls. 
------------------------- 
9 Beams 
--------------------------- 
I Isolated 
----- ----------------------------- - ---- 
1 Reinforced 
10 Beam casings 2 Isolated deep 2 Reinforced >5% 
3 Attached deep 
11 Columns m3 
12 Column casing 
13 Staircases 
----------------------- 
14 Upstands 
-- ------- -- ----------- -- - - ---------------- 
15 Item extra over 
--- - -- --- -- 
1 Working around m2 
the insitu conc. heating panels. 
in which they --------------------------- -- ------- - ------------------------- 
occur 2 Monolithic finishes, I Top surface sloping=<150 
thickness stated 2 Top surface sloping>150 
------------------------- 
16 Grouting 
---- ---------------------- 
1 Stanchion bases 
---- 
nr 
------------------------------- -- 
2 Grillages 
17 Filling 1 MorticPs nr 
2 Holes, (nr) m3 
3 Chases : ýO. O I m2 m3 
14 Chases =<O. Olm2 rn 
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As explained in Section 2.2.8. the SMM is now arranged in the common arrangement 
of work sections order, and compatible with other CCPI publications' and with all 
standard documentation where these criteria have been adopted. An extraction of the 
work classification adopted in SMM7 is given in Table 2.8. 
Cross references within the classification tables are given in the form; 
Work Number Number , Number Number 
Section from first from second from third from fourth 
number column column column column 
Example: v, 
E10: 4.1.0.2 
In situ Concrete 
Beds 
. 'Thickness=< 150mm 
Reinforced > 5% 
The digit 0 within a cross reference represents no'entries in the column in which it 
appears. 
2.3.5.8. CommonArrangement of Work Sections (CAWS) -' 
As mentioned in Section 2.2.8. CAWS is a recommendation by the CCPI to have a 
common basis for tender dcpcýuments. All the works are classified into common work 
sections and codes are given. CAWS covers virtually every type of work in common 
use. The sections have been formulated mainly on the basis of 'who does if; which 
means that there is, a good match with the pattern of sub-contracting. The most 
significant difference between CAWS and the tra 
, 
ditional trades arrangement is the 
degree of definition. Each CAWS section has a detailed definition of scope. However, 
CAWS has not gone for details of finer elements. Only the major work sections are 
classified and coded. The finite sections within the major work sections are. not detailed. 
SMM7 has defined these finite levels in accordance with the CAWS and included in the 
classification tables (Table 2.8). Therefore, SMM7 would better serve the construction 
industry than CAWS. In fact, CAWS is the philosophy which has been used for 
classifying drawings, specifications, and B. O. Q. s for their detail sections. 
2.3.5.9., Building Schedule of Rates (BSR) -Sri Lanka- 
The primary objective of the BSR (Technical Committee 1988), published by the 
Technical Committee of the Ministry of Local Government Housing and Construction 
in Sri Lanka is to give the contractors a standard document to follow when developing 
rates and prices. It adopts the work classification method by which most of the 
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contractors sublet the work to sub-contractors. - Although the BSR does not give a 
comprehensive classification as in SMM7, these contractors use the given descriptions 
and structure to prepare and price the B. O. Q. Therefore, this method is the most 
suitable one to classify and code the building data in Sri Lanka Building Construction 
Industry. 
However, the method has to be modified and improved to meet the criteria given in 
Section 2.3.3. and the objectives and requirements given in Section 2.3.4. Also, the 
important considerations found in other systems, specially the 'CAWS' have to be 
included without affecting the global structure. I 
r 
2.3.5.10. Verdict on available systems 
All of the available systems have been designed for limited applications either for some 
library referencing system or for classification of work, sections for measurement 
purposes. Some systems which have not been described here (Morrison 1967, Pilcher 
1985, Roberts 1980) were only intended for cost controlling purposes. A total system 
which has been designed for the estimating and other functions was not available. 
Therefore, any of the above methods could not be used directly without adjusting for 
the fulfilment of objectives and requirements given in Section 2.3.4. ý ý, - -,, %. I 
Except for CAWS and SMM7, the theory of common arrangement has not been 
included in: any of the systems. It was explained earlier in Section 2.2.8. that it is 
desirable to include the common arrangement in classification and coding to have a 
better data management. Therefore, modifications were necessary. 
The most crucial drawback of available systems was their failure -to classify the 
material, labour and plant. All of the systems, even SMM7 have broadly classified the 
work sections; but insufficient thought has been given on resources. However, 
resources play a leading role in the complexity of data use., Again, as explained in 
Section 2.3.1, the intention is to classify and code the building data, which includes 
resources. Therefore, it was essential to modify and adjust the most suitable system to 
fulfil the above requirements. From the case studies (Chapter 4) and test projects 
(Chapter 9), it was found that, creation of new systems would result in more - 
complexity. The best approach was to select the most suitable method which fits the 
organization and then to modify and adjust it to meet the objectives and requirements. 
In this research a method has been developed for Sri Lanka Construction Industry to 
classify and code the building data in accordance with the BSR. The method is given in 
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Chapter 6 as'a, guide line to follow. The same principles can be applied to derive a 
method which follows the SMM7. 
2.3.6. Summary -- Classification and Coding 
To improve the use of estimating data within and between management functions, 
classification and coding has been considered important. Information can be classified 
in various ways depending on the objectives of the user. Therefore, before attempting 
to create or use any system, it is essential to have a precise understanding of the 
objectives and the requirements of the system. In this research, only the 'building data! 
(resources, build-ups and bill items) were considered, and it is believed that an effective 
classification and coding system for them would facilitate better management. 
There should be a specific criterion to follow, when developing a system. Most 
important considerations are; unique and unambiguous identification, recognizability, 
level of detail, length of code, expandability, accommodation of dimensions and option 
for choices. 
The objectives and requirements of classification and coding of building data were 
considered as the objectives and classification of the user. The main objective of the 
classification and coding developed in this research was to have a common basis for the 
building data. This would facilitate the direct use of estimating data by other functions 
with less re-work. Resources, build-ups and bill items should have a common 
arrangement between them for easy cross referencing. This common basis was a long 
felt need, and if applied successfully, would definitely solve most of the problems of 
data management in construction organizations. In this research, a common code with 
different levels to different applications is suggested. 
Many different kinds of classification systems are available to classify and code any 
type of data. Most relevant systems have been studied in this research to observe and 
select the best system which fulfil the objectives and requirements. Unfortunately, all of 
the systems have failed to totally satisfy the requirements. The most crucial drawback 
was the failure to classify and code the resources. Little thought has been given to the 
importance of classification and coding of material, labour and plant. Therefore, any of 
the systems could not be directly used without imProvements. 
From the case studies (Chapter 4) and test projects (Chapter 9) carried out in this 
research, it was found that the introduction of a new system would not reduce the 
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complexity but would create more complexity. Contractors preferred their existing 
systems to be modified to fulfil the objectives, rather than changing to a new system 
which may not match their current methods and bills. Therefore, it is recommended to 
adapt and modify a system which is more closely related to the organization, for the 
formulation of classification and coding system to meet the objectives and requirements 
in this research. The most used classification system in the Sri Lanka Construction 
Industry has been found as the Building Schedule of Rates. The developed method 
-is described in Chapter 6. 
2.4 SUMMARY 
Past work on the format and presentation of the estimating data was reviewed in this 
chapter. The chapter was divided into two major areas. First part, Section 2.2, was on 
the format of the estimate and the second part, Section 2.3, was on the classification 
and coding of building data. 
Many professionals have thought that by changing the format of the bill, a better use of 
the estimate would result. Therefore, various new formats have been introduced to the 
conventional practice. They were; the elemental bill, sectionalised trade bill, operational 
bill, bill of quantities (operational format), BPF system and buildene quantities. These 
are described in Section 2.2 highlighting the drawbacks. All of the methods had 
concentrated on the*use of the estimate, but not the extent of use of the estimate. No one 
had investigated the reasons for the complexity in data use, hence these presentations 
lacked the actual need in the industry. In this research, the extent of use of the estimate 
in building contractor organizations was studied. The methodology and findings are 
described in the Chapter 5. 
Some formats (eg: BPF) are only applicable to special type of contracts, hence create 
confusion if adopted in organizations which administer different types of contracts. 'Me 
study showed that any revolutionary deviationsfrorn the conventional B. O. Q. wOuld 
create more complexity. Any change to the format of the bill should be formulated 
within the limitations of the conventional measurement rules of B. O. Q. Since 1922, the 
Standard Method of Measurement has been published seven times, each considering the 
changing requirements in the industry. Even the trade-by-trade sequence has been 
changed to work sections. The requirements have been studied by working parties and 
development units, and included in -the new editions. The latest edition, SMM7, 
published in 1988, has been formulated according to the most recent criteria, the 
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common arrangement of work sections. However, the format of the B. O. Q. was 
untouched. In fact, SMM is a set of rules for measuring, not a set of rules for billing, 
therefore, the given format is not rigid. The study proved that it is advisable to improve 
the format of the estimate within the limitations of the conventional measuring rules 
rather than proposing any alternatives. The proposed format is described in Chapter 6. 
Classification and Coding has been considered as important to improve the presentation 
of estimating data and hence to reduce the re-work in data management at contractor's 
management functions. The criteria that should be followed when deriving a system 
was explained. In this research, only the building data (resources, build-ups and bill 
items) have been considered because these are the most important data in the 
contractor's work. It is believed that an effective classification and coding to them 
would facilitate better data management in the contractor's work. 
The main objective of classification and coding developed in this research is to have a 
common basis for the building data. This common basis was a long felt need, and if 
applied successfully, would definitely solve most of the problems in data management. 
A common code with different levels to different applications is suggested. 
Available systems were studied. Unfortunately all of the systems have failed to totally 
satisfy the requirements. The most crucial drawback was the failure to classify and code 
the resources. However, from the case studies (Chapter 4) and test projects (Chapter 9) 
carried out in this research, it was found that an introduction of a new system would 
create more complexity. Hence, the recommended method is to adapt and modify the 
most related system to, meet the objectives and requirements. The developed system is 
described in Chapter 6. 
This Chapter has pointed out two major issues in this research. Firstly, the concept of 
any improvement to the format of the estimate to be within the limitations of the 
conventional measuring rules, and secondly, the recommendation to formulate a 
classification and coding system in accordance with the most related available system to 
fulfil the requirements mentioned. The developed new format to the estimate, and 
classification and coding system are described in the Chapter 6. Having concluded the 
above, next step is to observe the present computer aided estimating and its affect on the 
research. The possible use of the computer to ease the complexity in data use was also 
to be studied. This work is described in Chapter 3. 
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V. 
Chapter 3 
COMPUTER AIDED ESTIMATING, 
1, -li- -, 'A 
3.1 INTRODUCTION 
3.2 USE OF COMPUTER AIDED ESTIMATING 
3.3 INTEGRATED SYSTEMS 
13.41 
NEW CONCEPTS 
3.5 SUMMARY 
3.1 INTRODUCTION 
Past work on the format and presentation of estimating data was reviewed in Chapter 2. 
Over the past years computers have been an important tool for preparing the formats 
and presentations of estimating data. In this Chapter, the use of Computer Aided 
Estimating (CAE) is explained. The transfer of estimating data through the computer to 
other management tasks such as; purchasing, cost control and project management is 
now under considerations by many software houses. Therefore, the feasibility and 
practicability of such systems also were investigated. 
Surveys have been carried out to observe the use and future use of CAE. A recent 
survey (Chevin 1990) showed that more than 50% contractors use CAE. However, 
over the past decade, a dispute has been emerged on CAE and its possible use. Section 
3.2 includes details of the surveys and, views and concepts forwarded by various 
professionals. Also the possible use of CAE towards a better data management is 
addressed. The use of the computer in this research is identified and defined. 
Integrated Systems (IS) have been introduced to the market by some of the software 
houses. Many research professionals have also worked on integrated systems, but most 
of the work have not being implemented in the industry. The concept is new to the 
market and the industry, hence responses are not readily available. Discussions were 
held- with practising professionals to gather responses on possibility of 
implementations. Section 3.3 describes concepts on integrated systems and, their 
problems on implementation. Also, the effect of integrated systems on this research is 
addressed. 
Information technology is improving rapidly. New concepts have been emerged on 
more advanced CAE, trying to solve the current user problems. Even electronic data 
transfer has been suggested towards paperless trading. These new concepts are 
described in Section, 3.4. 
Finally, Section 3.5 summarizes the Computer Aided Estimating and its impact to the 
research. The use of the computer in this research is clearly defined. 
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3.2 USE OF COMPUTER AIDED ESTIMATING 
Research work on the use of computers for the preparation of estimates and schedules 
started in the early 60's. The Nfinistry of Public Building and Works, in 1966, set up a 
committee on the application of computers in the construction industry (Building 
Research Station 1969). One good example of such research work is the attempt to 
computerize the resource needs (Britten 1967). Britten's work concentrated on 
formulating resource schedules and aggregates using a computer program. Now, after 
23 years, simple calculations are considered as simple -operations 
in most of the 
available softwares. In early 70's talk centred on computer automated B. O. Q. and 
automatic drafting (Vine-Lott 1978). Now the Computer Aided Design and Drafting 
(CADD) and, automatic taking-off and billing are available as ready to use softwares, it 
seems that the computer is an effective tool for the industry. 
3.2.1 Current use of CAE 
Although the work on CAE has been carried out for almost three decades, the use of 
them in the industry was not that impressive. A survey, carried out in 1988 by the 
Polytechnic of Wales (1988) in South Wales building organizations, showed that only 
15% of the total survey had participated in CAE. However, out of these 15%, almost all 
of them (90%) had stated that the fundamental purpose of CAE as, not only to aid the 
estimating process but also to provide information for the contract staff. It was evident 
from the survey that some of the users were not happy with their systems, and about a 
third had been found to be relatively unsuccessful. In fact, two of the respondents had 
abandoned their systems, saying that they had not become conversant with them and the 
systems were not worth buying. Just under half of the systems had not fitted in well 
with the existing estimating techniquesand about one third had not become integrated 
into the estimating department. 
However, some of the respondents had found their systems highly successful and 
appeared to be very happy with their acquisitions. These may reflect the user friendly 
nature of the newer systems and an increasing awareness on behalf of the 
manufacturers to apply the systems more directly to the needs of the estimating 
function. Virtually all the respondents had agreed that CAE systems must also provide 
information for the contractor's staff. Therefore, the survey recomme nded for the future 
development of CAE as to provide a series of fully integrated systems for pre- and post- 
contract use with the estimating system providing the basic transferable data. 
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However, the most recent. survey (Chevin 1990, CICA 1990) conducted by 
management consultants Peat Marwick McLintock and the Construction Industry 
Computing Association (CICA) showed more than 50% use of CAE among the top 400 
contractors. For information, the chart is reproduced here in Figure 3.1. The 
contractors' use of computers for estimating, valuations, contract costing, order 
processing, project management etc. are illustrated. 
Contractors 
Word processing 
Electronic ' publishing 
Spreadsheets 
Databases 
Management systems 
Project management 
Accounting 
Asset management 
Contract costing 
Order processing 
Estimating 
Valuations 
Plant management 
CAD/drafting 
Percentage of respondents 
=current use E22under consideration 
source: Building 2 February 1990, p 73. 
Figure 3.1 The 'Contractors' use of computer software 
This'indicates a ripid improvement in the use of CAE from 15% in 1988 to more than 
50% in 1990's. However, this comparison is not statistically valid, since the 
populations are different in each survey. The Polytechnic of wales had surveyed only 
the South Wales building organizations and CICA has chosen all large U. K. top 
contractors. A similar survey on South Wales building contractor organizations has not 
been carried out after'the first survey, hence the above comparison can be considered to 
have a rough picture. 
The'CICA survey has also observed the indpstry's spending on computers for 
information technology. According to them, the spending on computers has increased 
from 1988 to 1990 by about 20% (Chevin 1990). However, according to the survey, 
contractors' expenditure is 0.25% of their turnover in contrast to the consultants' 1.5 
%. Again, Ken France, a senior Peat Marwick McLintock Consultant, revealed that 
their findings had indicated that in the main, money is being spent by those who have 
used computers for several years and who are now going through their second wave of 
investment. According to the survey, the spread of computers among the top 400 
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contractors has been static since 1988. However,, it should be noted that these figures 
include the whole range of software, and may not represent the use of CAE. 
As illustrated in Figure 3.1, the ý CICA survey also shows that more than, 25% 
contractors are now considering the use of CAE. This indicates a spread in use of CAE 
among contractors; and if they decide to change for computers, the use would be nearer 
to 80%. Therefore, - although the past use of CAE in the industry was not very 
convincing, the future prospects for CAE are encouraging. At the moment, a survey is 
being carried out by the Construction Computing (1989a) on the use and utilisation of 
CAE. This survey should show the use and future use of CAE more clearly. 
Evaluations of quantity surveying and estimating software packages have been carried 
out by various professionals (Pasquire and McCaffer 1985b, Hunt 1985,1987, 
Cunnin&m and Atkin 1988a, 1988b) at frequent intervals. These evaluations show an 
increase in facilities provided by software. Software houses have. modified and 
improved their systems based on feedback from the industry. Therefore, as the 
technology improves, the potential capacity of CAE should also be improved. 
3.2.2 Concepts on use of CAE 
The issue of usefulness of CAE has r* aised a dispute among estimators, quantity 
surveyors, academics, project managers,, system, suppliers etc. (Construction 
Computing 1989b). During the past decade, there have been various articles and papers 
written on the benefits, drawbacks and problems in CAE. This has resulted a debate on 
the use of CAE. Whilst suppliers (Harrison 1989, Genders 1989) claim the benefit of 
CAE, others (O'brien, 1989) think that the estimators have been ill-served by those who 
purport to sell CAE systems. Barton (1987a) considered estimators as apathetic when 
he charts the slow rate of increase in the number of new computer users. However, 
Ing(1988), thinks that the software firms, have turned their backs on estimating and 
quantity surveying, leaving their needs inadequately catered for. In a way this debate is 
worthwhile, because suppliers will attempt to modify or develop systems to address the 
problems exposed. 
In general, the above dispute. demonstrates that the users are not satisfied with the 
provided facilities, although the suppliers claim their benefits. However, despite all 
these doubts, firms such as CMS, DBS, Manifest and Wessex have been around for 
some time and are still doing fine (Construction Computing 1989b). In fact, most of 
them seem to be expanding. So, somebody must be buying and using the software. 
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3.2.3 Effectiveness of CAE ,II li, 
When considering the effectiveness of CAE, most of the evaluators concentrated on the 
efficiency of the estimating department without taking into account other departments. 
Senior managers may evaluate CAE in terms of cost saving, time saving or even by the 
quality and correctness of tenders. -They have the impression that the adoption of such a 
system should inevitably improve the efficiency of the estimating department. They are 
then surprised to be informed that the acquisition of a CAE system is unlikely to result 
in manpower and cost saving (Baldwin 1989). The staff requirements and the time span 
involved are unlikely to change with the adoption of CAE. Also, the introduction of 
new coding systems and unfamiliar library systems would create confusion and more 
work in early stages. Therefore, they may well arrive at the conclusion that CAE would 
not improve the estimating department but create more complexity. The benefits to the 
other management functions are usually ignored. However, substantial benefits are 
bequeathed to the others, if the estimator uses CAE to pass the data in effective format 
to subsequent management functions. Therefore, the other departments also should be 
included for evaluation. Also, consideration should be given not only to the efficiency 
but also to the effectiveness of a system. - 
Baldwin (1989) explains the effectiveness of a system as reviewing the benefits of a 
system with respect to giving estimators more freedom to achieve their objectives within 
the organization. Meyer and Boone (1987) identified three types of freedom; free time, 
free thinkin& and free collaboration. Free time means relieving system users of 
administrative tasks and enabling them to leave and then easily pick up the work at any 
time. Free thinking allows system users to quickly capture and work with information 
and ideas and the freedom to be able to consider alternatives. Free collaboration means 
expanding communications circles and making project information more readily 
available to all the parties concerned. Seen from this view point, Baldwin (1989) 
showed that CAE is beneficial to the building construction industry. 
Free collaboration is highlighted in this research by identifying the need of passing 
estimating data to other management functions. The possibility of using CAE to pass 
the data for other management functions was investigated. According to the survey 
conducted, 91% professionals agreed that the effective use of the computer at estimating 
linked to the site control would reduce the re-work and repetition, and hence increase 
the efficiency of the contractor organization. However, the estimate should be prepared 
in such a way that the information and data generated by the estimator be available to the 
69 
others in a usable format. More details on this usable format and the survey are 
described in Chapters 6 and 10. 
3.2.4 Use of computer in the research 
This research requires a priced B. O. Q. using resource libraries, build-up libraries, spot 
rates or any combination of these; and then to produce an estimate as well as 
breakdowns of resource requirements for each item., A detailed study on the available 
CAE software and their facilities was carried out. Many professionals were interviewed 
and, software exhibitions and demonstrations were attended. Most of the available 
softwares were found to be capable of performing the above requirements. However, 
the breakdown proposed in this research (Chapter 6) has not been identified by any of 
the software houses, hence their breakdowns were not that detailed. Most of them 
include only a breakdown of prices. Therefore, the need of a development of a new 
system was prompted at first. However, when questioned, software developers and 
users responded that the inclusion of this type of a breakdown to existing systems as 
straight forward. Hence, a decision was taken not to develop any new system, but to 
use one of the existing system. In fact most of the available systems are found to be 
more than enough for this type of work. 
The 'XTEND' estimating software package was used in this research for preparing bill 
of quantities. It was used as a tool for demonstration of CAE and its potential use for 
other management functions. 
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3.3 INTEGRATED SYSTEMS '' 1. lI 
In this research, 'Integration! means; combining of working groups or departments into 
a whole, through the computer. In other words setting an environment, where within 
each department work groups can do their own application, but pull together common 
data, for the benefit of all. Using an IS, organizations should be able to price the 
estimate and use the data for other management functions without any re-work. 
According to Willis (1990), integration should not be a hard fixed ridid integration 
environment but a system whereby each department has the control of their own destiny 
and yet by transfer of common data or information from one department to another. 
Data which are of current and collective interest, which would be shared to minimize 
unnecessary duplication should be considered. 
3.3.1 -Concepts on Integrated Systems 
In 1987, Barton (1987b) predicted a new range of IS based on then CAE systems. 
According to him these would have estimating as the 'core' but would. also facilitate 
planning, bonusing, materials management, plant management and other production 
functions. These systems which are 'production oriented! would be able to replace the 
plethora of integrated systems based on financial accounting systems. Again., in, 1988, 
Brook (1988) predicted that estimating systems which integrate many management 
process; such as links with purchasing (both materials and sub-contract), planning, 
quantity surveying; pay roll, and ultimately management accounting; as feasible. 
Unfortunately, as Willis (1990) revealed, the implementation has often been confused 
and slow. In some cases it has never been achieved. 
In 1986, Baldwin (1986) introduced an IS, linking estimating to planning. The system 
was the integration of MICRO-INTEREST; a general purpose estimating system, to the 
HORNET; an interactive stand-alone project management system. There were three 
possible links between the two systems; 
* Manual access 
* Right of inspection, and 
* Automatic translation. 
The manual method needed extraction of data from the printed out puts and entering 
those by manually; whereas right of inspection allowed the planner to inspect files 
containing the estimator's data, and record the items required for preparation of the 
network plan. With automatic translation, the planner was provided not only with the 
facility to inspect the estimator's data, but also to extract the relevant data from the files 
71 
and copy it directly into data files compatible with the planning package. 'Me transfer of 
data was performed by preparing a data file which may be read from within the Homet 
program at any time. 
The researcher had a discussion with Dr. Andrew Baldwin on CAE and its 
effectiveness. When questioned about the practicability and effectiveness of the above 
system; not surprisingly the answer was, "it didn't work very well". According to him 
the amount of data transfer was unmanageable. Speaking on IS in the industry in 
general, he explained that the main reason for the failure of such systems is the 
complexity and tediousness of the data transfer. 
Abdullah (1988) applied integrating estimating to site control. According to him a gap is 
in existence between the requirements in the industry, and the provided facilities in 
existing softwares. He had identified the requirements; studied the provided facilities; 
and es tablished the gap and the actions to be taken. One of the most important facilities 
missing was a method of automatic data feeding into the system. The user still has to re- 
enter the data manually instead of accessing them from other packages which would 
reduce money and time. To fulfil the gap he has developed 'COSTPLUS', a cost 
control software which would facilitate data transfer from estimating to cost control. 
The required data can be extracted through the 'data preparation' option in the system. 
This process can be achieved by manually or data processing of other systems. This 
means that, although integrated, refinement of data at the data transfer from one system 
to another is essential. If the estimate is in the conventional format (with unit rates), this 
process would require substantial re-work to obtain the correct data. 
As seen from the above works, it is understood that the current need is the identification 
of the best format of the estimate for easy data processing. Ibis research is addressed 
on that requirement, hence would produce a better data transfer even in IS. 
The re-work in data processing at the transfer stage was again seen in one of the leading 
U. K. contractor organization. Since the organization has a reputation of working with 
computers for almost a decade, the researcher had a visit to it's computer sector to 
observe their systems and extent of use. Substantial data processing was observed at 
data transfer from estimating system to project management system. For example, the 
user has to collect all the like items from the estimating system, and give a new code 
before entering to the management system. Seen these work at data transfer, it was 
thought that the current requirement should be to improve the format of the estimate to 
facilitate better data transfer. That is, before attempting to develop any integrated 
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system, a better forinat'of the estimate which would support direct use of estimating 
data should be formulated. 
3.3.2 Effect on the research 
As explained in Section 3.3.1, IS still have the problem* of data processing at data 
transfer from estimating to other functions. The presentation of estimating data affects 
this data processing, hence needs attention. An efficient classification and coding of the 
building data, is essential to identify, group, and pass them from the estimate to other 
functions. The format of the estimate and breakdowns of the resource requirements 
should be presented in such a way that the above work is direct and straight forward. 
Therefore, in this research, it was thought that these considerations- are the current 
requirements to be addressed and tested; but not just development of an IS. Now the 
format and presentation of estimating data are improved and tested here, any future 
research can be formulated using the given recommendations to develop an IS. 
Proposals are tested and validated for manual exchange, hence could directly be used 
for computerized systems. 
The cost of current IS are well above E 20,000. *When added the hardware cost; it 
would be a difficult decision for the senior management to purchase such systems. 
Therefore, unless the benefits are eminent, suppliers have a formidable task on 
convincing the senior managers. 
The current industry is still not ready for IS. Even the use of CAE at the contractor is 
just above 50%. As seen in Figure 3.1, the use of valuation is below 50%, and the use 
of order processing is below 30% Therefore, any d evelopm'ent of an IS to do these 
processes together would not be appropriate. What should be done at this stage is to 
identify the problems of those functions and solve them. Only after improving the use 
of such systems, should the feasibility and practicability of linking be investigated. 
After studying the above considerations, it was decided to reject the idea of developing 
an IS to solve the data complexity in contractor organizations. The urgent requirement is 
to improve the format and presentation of the estimating data, and improve the extent of 
use of the estimate at contractor organization. After all, as Dr. Baldwin pointed out, a 
simple presentation like the one developed in this research, would benefit much more 
than a complexall singing all dancing system. 
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3.4 NEW CONCEPTS 
Information technology is improving rapidly. New concepts have emerged relation to 
more advanced CAE attempting to solve the problems in it. Some of these concepts are 
included here for information., 
3.4.1 Computer aided estimating without codes *1 
IiII 
Because of the tediousness and complexities involved in the use of codes at Computer- 
based bill production and CAE, some researchers have investigated the possibility of 
working without codes., The argument is, to directly use the descriptions or common 
abbreviations for items and resources, rather than struggling with unfamiliar codes. 
Researchers have pointed out two major disadvantages with the use of codes: 
* coding of items would be a tedious job and a record check is necessary to minimize 
the possibilities of choosing wrong codes; and 
* the interaction between the computer and the user requires the user looking up the 
right code from a large voluminous library. 
In 1988, a facility to price B. O. Q. 's via a codekiller tablet was introduced by Trivett 
(1988). All the details required to price the bill could be entered via the codekiner using 
the no-code entry form or via a standard keyboard. With the codekiller, the user 
chooses his own wording or symbols, written onto forms placed on the digitizing 
surface. According to Trivett, a single item is easily entered; just touch, for example, 
'back medium'screwed, size 100 tube', enter'quantity 163, and this would be priced. 
For a more complex item on the bill, which has not been already defined on the 
computer, the system allows for real flexibility. Materials already defined could be 
found asstandard materials on the computer data base, using the Codekiller form, 
whereas others would be entered as a special. 
A new form of computer-based bill production without codes has been developed in 
Hong Kong (Pau 1989) to solve the tediousness in use of codes. According to Pau, the 
new method would eliminate the disadvantages found in current systems which use 
codes. His proposal is to formulate a computer-based mechanism to convert the 
conventional abbreviations used by quantity surveyors during take-off, into the full text 
of bill item description, without using a coding system. This approach basically 
involves a development of a relational data base which contains the descriptive features 
of the SMM, abbreviated for use by quantity surveyors. Computer programs are so 
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written, incorporating a default mechanism, to accept abbreviated descriptions as input 
from the user and display the full text of the description. 
However, -these new, forms would also create similar, disadvantages as in codes. 
Finding appropriate standard names or conventional abbreviations for items and 
resources is the same as finding the appropriate code. In fact, the standard description 
or abbreviation is the code to the particular item. Also, without codes, the subsequent 
use of estimating data would be difficult. 
Having seen the disadvantages in the use of codes, some of the current estimating 
software have introduced windows and pullout menus to price the bill by scanning 
through libraries. Codes are available to identify and differentiate the items, but any 
attempts to memorize or referring to code books are not necessary. If the code cannot be 
remembered, the item can be scanned using step-by-step window facility. For example, 
to find the item'c , oncrete slab < 225 nun thicle, user can open up the menus; 
Concrete ----- > In situ concrete ----- > Slabs --- etc, and select the corresponding item. 
This new concept is addressed to ease the estimating function. If the estimating task 
became easier in future, the use of codes and preparation of estimating data as in 
research'proposals Would also become easier. In fact, any method which would ease 
the estimating function would also encourage the implementation of the proposals 
given. 
3.4.2- Optical Character Recognition (OCR) 
The introduction of OCR to bill production and CAE has been considered as a vital 
breakthrough for laborious bill entering. Even the automated bill matching and pricing 
has been anticipated. The concept is to stick the bill into one end of the machine and 
obtain a fully priced and ready for final checking estimate at the other end. However, 
according to Morris (1989), the managing director of Digital Building System, OCR 
has its own limitations. According to him, even a 98% accurate system would make 
8000 mistakes for a 200 page bill. To be worst, the position of these mistakes would 
not be pointed out. In fact, the system does not know whether it has made any mistake. 
Also, OCR can remove only about 50% of the time consuming 'reading through' the 
bill. 
Morris (1990) has later revealed that their latest invention, a piece of hardware called 
'type reader card', can be used to improve the speed and the quality by introducing to 
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the computer. According to him a page has been processed under 30 seconds, giving 
only about half a dozen errors with the new card in contrast to 180 seconds with an 
average of 50 mistakes on the standard OCR. This means 83% improvement in time, 
and 88% improvement in' quality. However, it should be noted that the tests have been 
carried out only for producing bills not for automatic bill pricing. According to Morris, 
what is needed is automatic input to remove the repetitive and tedious aspects, coupled 
with total flexibility for the estimator to use his preferred method of pricing. 
Unfortunately, like most high-quality, products, these systems are not cheap. A 
complete OCRAype reader system costs E9995 plus installation with all the necessary 
hardware and software. 
This new concept also aims to ease the estimating function. Although the concept is still 
in the development stage, the number of OCRs finding a place on estimators' desk is 
growing at a steadily pace, with more than 50% of the bill pricing systems now being 
sold with these devices (Morris 1990). This indicates that, any concept which would 
ease the estimating function, be welcomed by the industry. If the estimating function 
would become easier, then the preparation of estimating data according to the research 
proposals would also become easier to contractor organizations. .11 
3.4.3 Electronic Data Interchange (EDI), 
In No 
' vember 
1986 a small group started meeting to discuss the application of EDI to 
the construction industry. A firm conclusion was reached that development of an EDI 
system would not only be feasible but was essential for the future health of the industry 
(Sanders 1988). The common thread has been the pressing need for much more 
efficient communication between the separate, parts of the industry and between 
individual firms and organizations. The broad areas for application of EDI have been 
identified as: 
* the manufacture, storage, sale and delivery of products; 
* the selection and_specification of products; 
* the costing, ordering and payment of goods and services; and 
* the technical direction and control of the building process. 
All these areas are inter-linked in the flow of information through the construction 
industry. 
However, despite encouragement from organizations such as EDICON (Electronic Data 
Interchange -Construction- Ltd), there has been no si gnificant move towards paperless 
trading. According to the recent CICA survey (CICA 1990) only 4% of top consultants 
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and contractors have used electronic data interchange between their main offices, and 
only 2% have sent information to site in this way. It should be noted that, before 
applying a highly advanced system like EDI, the formats and presentations to data need 
to be identified and established. 
3.4.4 Expert Systems 
An expert or knowledge-bas ed system is different to a normal computer program in that 
it mimics human decision-making processes. A standard computer program uses an 
algorithm, or set of instructions, which processes input data and arrives with a set of 
answers. Expert systems vary from system to system but they all centre around a 
'knowledge base' in which experts in particular fields can input their own knowledge, 
which can be used by non-experts to carry out tasks at a later date. The expert systems 
store 'knowledge' rather than pure data, and if construction companies have the ability 
to capture this knowledge it could be used to improve efficiency and profitability of the 
construction process. 
In 1983, to keep the U. K. in step with the USA and Japan in the race for fifth 
generation computers, 'Alvey Project! (Wager 1987) was launched by the U. K. 
Gcivernment with the help of the professionals in the Electronic Industry and 
Universities. The intelligent knowledge-based systems or 'expert systems' had attracted 
considerable interest. The application of such expert systems to quantity surveying and 
estimating fields was considered as one of possible advancement to the building 
industry. 
Tah et al. (1989) identify the range of possible expert systems areas in the construction 
industry as far from exhausted. According to them, the areas where expert systems are 
being developed include follows; 
* design of building services 
* interpretation of regulations 
* estimating procedures and cost control 
* evaluating contractors safety practice 
* selection of earth moving plant 
* the decision to bid or not to bid 
* claims analysis 
* building defects diagnosis 
* buildability 
* intelligent project management systems; and 
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intelligent front ends to finite element analysis programs. 
However, most existing expert systems in the construction industry have not reached to 
the perfection stage, hence improvements and extensions are required to achieve the 
benefits. 
Although the other areas have seen the impact over many years, there have been no 
widespread attempts to introduce expert systems to CAE. In late 1989, the Department 
of Civil Engineering at Loughborough University (Tah et al. 1989), investigated the 
feasibility of incorporating system decision-making and system decision- suggestion 
within large estimating systems. According to the study, substantial benefits can be 
gained from such systems. Research is currently being undertaken on the use of 
artificial intelligence techniques (expert systems) to investigate the extent to Which 
system decision-making can be incorporated into large integrated computer systems for 
contractors' estimating and project management. A prototype demonstration system is 
being developed for drainage. If they succeed on that, it would be a starting point of a 
new era in CAE. 
-1 -, I.. 4, 
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3.5 SUMMARY --1.111. - t, 
CAE and its impact on preparation of estimating data is reviewed in this Chapter. It was 
observed that the starting point of work on use of computers for the preparation of 
estimates and schedules was as early 60's. Earlier they had been presented as simple 
computer programs. Now, there are enough softwareon the market as ready-to-use 
systems and the computer is an effective tool for the industry. 
When the use and future use of CAE were investigated it was found that, although the 
work on CAE has been carried out for almost three decades, the use of them over the 
past was low. Surveys had revealed that only a few, people had used the CAE. 
However, the recent survey carried out by CICA gives a relief to the software houses. 
According to the survey, above 50% contractors now use the CAE and around 30% are 
evaluating for the possible use. After all, some software houses have been around for 
sometime and are still doing fine. Their growth indicates that industry'iS buying the 
products. 
During the past decade there have been various'articles and papers written on the 
benefits, drawbacks and problems of CAE. It seems that the debate on the usefulness of 
CAE is growing. In a way this debate is worthwhile, because the suppliers will attempt 
to modify or develop systems to address the problems exposed. This research has 
demonstrated the fact that any evaluation of CAE should consider not only the 
efficiency but also the effectiveness of such systems. 
The research requires to price a B. O. Q. using resource libraries, build-ups and spot 
rates or any combination of these; and to produce a breakdown of resource 
requirements for each item, in addition to the conventional type estimate. The available 
CAE softwares and their capabilities was studied in detail. It was found that most of the 
available softwares were capable of performing the operations required in this research. 
Therefore, it was decided to use an available system rather than developing any. In fact, 
most of the systems were found as more than enough for this type of work. 
The potential of IS was discussed. It was found that it is still new to the industry. IS 
have the problem of data processing at data transfer from estimating to other functions. 
The preparation of estimating data affects this data processing, hence needs attention. 
Therefore, in this research it was thought that the presentation of estimating data as the 
current requirement to be addressed and tested, but not just development of an IS. The 
use of softwares on CAE, order processing, valuations, etc on their own were found as 
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low. Therefore, before linking such systems together, improvements and extensions are 
essential to them. This research provides the knowledge on suitable format for 
estimating data, so that it can be linked to the other functions with less re-work. The 
developed format of the estimate and the classification and coding are described in 
Chapter 6. 
There have been some new concepts to reduce the work load in CAE, hence to improve 
the estimating function. For information, these concepts (CAE without codes, optical 
character recognition, electronic data interchange and expert systems) were briefly 
described in this chapter. Except EDI, these concepts would only reduce the laborious 
work at estimating, but would not reduce the complexities in data exchange. However, 
before applying a highly advanced systems such as EDI, the formats and presentations 
to data should be defined and established. 
Now, after identifying the historical work in Chapter 2; and the'use of CAE and it's 
impact on presentation of estimating data in Chapter 3; * the next step is to observe 
current practice of data management in the industry. Chapter 4 describes the 
identification of management functions, flow of data and complexities of data use in 
present building contractor organizations. 
i 
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Chapter 4 
BUILDING CONTRACTOR ORGANIZATIONS 
AND THEIR DATA MANAGEMENT 
4.1 INTRODUCTION 
4.2 METHODOLOGY FOR INTERVIEWS 
4.3 CASE STUDIES 
-4.4 MANAGEMENT OF WORK 
4.5 DATA FLOW IN BUILDING CONTRACTOR 
-ORGANIZATIONS 
. 
4.6 COMMENTS AND SUGGESTIONS FROM THE 
INDUSTRY 
4.7 UNITED KINGDOM PRACTICE 
4.8 SUMMARY 
4.1 INTRODUCTION 
Past work on format and presentation of estimating data was explained in Chapter 2. It 
was concluded. that earlier presentations had failed to directly address the problem. The 
CAE and its impact on presentation of estimating data was described in Chapter 3. 
Although the computer was considered as an effective tool for the improvement in the 
data management, better presentations to the estimating data was essential to have an 
efficient system. Therefore, it was thought to extend the study to observe the current 
building contractor, organizations and their practices in data management for the 
establishment of the problem and the actual need in the industry. 
The current practice of data management in building contractor organizations is 
explained in this chapter. Ten case, studies were carried out in Sri Lanka to study, 
management functions, management tasks, management groups, and relationships 
between them. Use of documents, specially the estimate, and their extent of use for the 
tasks were studied. Flow of data within and between functions, groups and tasks was 
observed, and its complexities established. Comments on practical implications of past 
and present concepts were gathered. Suggestions and proposals towards better data 
management were also collected. 
A comparable study of building contractor organizations has been carried out by 
Pasquire and McCaffer (1985a) in the U. K., building contractor organizations to 
I 
establish the problems of data management. Before conducting the survey in this 
research, their work was studied to have the uniformity and consistency in the 
methodologies. The findings of the survey conducted in this research were compared 
with their findings to observe the similarities or otherwise in data management by two 
countries. 
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4.2 METHODOLOGY FOR INTERVIEWS 
As explained in the introduction to this Chapter, a survey was carried out-in Sri Lanka 
building contractor organizations to observe the current practices and problems in data 
management. The survey mainly comprised interviews and discussions with 
professionals in contractor organizations. 
There are two methods of data collection in this type'of survey (Babbie 1973). 
* Use of self-administered questionnaires, and 
* Interviewing using questionnaires. 
Self-administered questionnaires are questionnaires which can be directly answered 
without referring to the researcher. Respondents read the questions and enter their own 
answers. This method can only obtain limited knowledge because of the criteria like 
simplicity, direct answers, relevance etc. Interviewing using questionnaires is typically 
done face-to-face. The researcher himself asks the questions orally and records the 
respondents' answers. Since the survey conducted in this research required a detail 
study about the contractor organizations self-administered questionnaireswere ruled out. 
The study needed lengthy and constructive discussions on current practices and 
problems. Hence, the method 2, 'Interviews using questionnaires! was selected as the 
method of data collection. 
The questionnaire was prepared considering numerous factors given in practical 
research books (Leedy 1974, Babbie 1973). Those were: identification of questions and 
statements, open-and close-ended questions, clarity of items, avoidance of negative 
items and. avoidance of biased items. Also the, past surveys which- had used 
questionnaires (Clay 1983, Skinner 1979). -were studied to observe-the pattern of 
questions and answers. However, the requirements and objectives from the survey 
were considered as most important. Therefore, questions were phrased as guide lines, 
so that those would lead to discussions disclosing contractors' current practices, 
problems and suggestions. The questionnaire is included in the Appendix A. 
After preparing the questionnaire, 10 contractor organizations were selected for the case 
studies of the survey. Each contractor organization was visited about 5 to 10 times, and 
their management staff were interviewed using the questionnaire. Only the relevant 
questions were asked from each person, hence the answers reflect their actual 
experience and knowledge. For example, sites were visited to obtain the necessary 
information regarding the site management. In some cases the higher management were 
able to answer most of the questions because they were well aware of the general 
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practice of their organizations. However, the researcher was directed to relevant 
personnel whenever the question was beyond his capacity to acknowledge'. The total 
survey consumed approximately 6 months to complete. 
4.3 CASE STUDIES 
The main objective of the survey was to recognize the practices of data management, 
and to establish the problems in data flow in Sri Lanka building contractor 
organizations. Case studies were planned in such a manner that, the respondents would 
represent the whole industry. 
4.3.1' Selection Criteria 
The sample should be a representation of the population, which in this case is the Sri 
Lanka building industry. It is believed that, with proper sampling methods, the sample 
results will provide 'good' estimates of the population characteristics (Anderson et al. 
1987). 'For this purpose, statisticians (Anderson et al. 1987) propose six basic sampling 
techniques -such as: simple random sampling, stratified random sampling, cluster 
sampling, systematic sampling, convenience sampling and judgement sampling. Except 
the last two, all of the other sampling methods fall under 'probability sampling' 
techniques where elements selected from the population have a known probability of 
being included in the sample. The other two falls under 'non-probability techniques' 
where items are selected without pre-specified or known probabilities of being selected. 
Out of those'six techniques, the judgement sampling method was selected in this 
research, mainly because it was the easiest way of finding case studies to meet both the 
research constraints and representativeness. In judgement sampling, the researcher 
using his knowledge selects the sample that he feels to be most representative. Because 
of the limited time allocated for each detail analysis, case studies were restricted to 10, 
hence the judgement was crucial. Therefore, before'selecting the case studies criteria 
were developed to judge the representativeness. The criteria were: 
* Ownership 
* Size 
*Type of work 
Experience, and 
*Location of work. 
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_Qwngrship 
Two categories were defined, Government and private ownership. However, since the 
government sector could rarely change their policies on data management, more 
emphasis was given to the private sector. 
Size 
This criteria was divided to three categories using the turn-over of the organizations. 
Turn-over was considered as the most appropriate measure of the size of the 
organizati6fi. It is the criteria that the New Civil Engineer (1989) adopts to categorize 
the top building and civil engineering contractors. The defined categories' in this 
research are- 
Large - Turn-over: > Rs. 200 million 
Medium - Turn-over: -Rs. 50-200 million 
Small -- Turn-over: < Rs. 50 million - 
lype of work 
Type of work is the organization's scope of the work in the industry. Three categories 
were defined as, consultancy, contracting, and client organizations. Organizations may 
have one or any combinations of those as their scope of the works as shown in Table 
4.1. Again, as in ownership, since the research is addressed to contractor 
organizations, more emphasis was given to them. 
Exj2erience 
Experience was calculated using the number of years they had served the industry. 
Therefore, the categories were: 
Well -established : Service > 15 years 
Average : Service 5-15 years 
Newly-formed : Service <5 years 
The objective was to identify and establish practices and problems of data management 
in organizations. Although the newly-formed organizations may have the service of 
well experienced professionals, only the experience of the overall organization were 
considered here. 
Location of work 
This is to measure the exposure of the organization to the overall country. Two 
categories were defined as: 
WC - Within and around the capital city (within 251cm radius) 
OC - Outside capital city 
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Methods . and'practices in organizations which carry out work both in surround and 
outside capital city may differ from that of organizations which carry out work only in 
and around the capital city. Therefore, case studies were selected to have a mix of 
those. 
T. qhlp 4-1 -- Dirtrihnflon of renuirements in case studies 
Criteria Owne ship Size Twe of wo Experience Location 
Case Stýdy GV PR LJG MD SM CS CN CL WE AV NF WC OC 
_ 
2 
3 
4 
5 
6 
7 
8 
9 
10 
K= 
GV - Goverment 
LG - Large 
CS - Consultancy 
PR - Private 
MD - Medium 
CN - Contracting 
WE - Well established AV - Average 
WC - Wida and around the capital city 
4.3.2 Selected case studies 
SM - Small 
CL - Client 
NF - Newly formed 
OC - Outside the capital city 
Ten organizations which included eight contractors, one client/consultant, and one 
consultancy-only, were selected to represent the above considerations. One of the 
selected contractors has been providing the services of consultancy and client as well. 
Although it was not mentioned in the above selection criteria, the most crucial factor a 
researcher may face when undertaking this type of survey is the respondents' 
willingness to participate. In this research, it was a very difficult task to find 
organizations which did like to spare their time, which was substantial in this case, and 
also satisfied the selection criteria. However, as illustrated in Table 4.1, a fairly 
balanced distribution of above considerations over the case studies has been achieved. 
In fact, the 'judgement sampling technique' helped to have such a distribution in case 
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studies. As explained in. ownership and typp of work, it can be noticed that most of the 
organizations are private contractors. 
It was observed that the head-offices of all the companies were situated in the capital 
city because of the easiness in communication with clients, consultants, suppliers etc. 
Most of the tasks carried out in all the companies were similar to each other. However, 
some tasks were not effectively undertaken by some of the companies. Although the 
management functions were similar for all the companies, some well-established 
companies showed a better management structure. Brief descriptions on each case study 
are included here for information. Detail descriptions on management of work, and data 
flow are included in Section 4.4. 
4.3.2.1 Case Study-I 
Case study 1 is a medium scale organization in the private sector. The company only 
undertakes construction work (mainly building) and has the working experience of 10 
years in the construction industry. Head office is situated in the capital city, with 
construction sites all over the country both in urban and rural areas. It undertakes any 
type of building construction work except special works such as air-conditioning, under 
pinning etc. The company usually receives conventional type of contracts with a 
B. O. Q. for direct pricing. If a different type of contract such as turn-key is 
encountered, a consultancy organization is approached for the preparation of tender 
documents including the B. O. Q. The prepared B. O. Q. is then priced by the contractor's 
estimators using company's own rates and prices. 
, 
4.3.2.2 Case Study 2 
Case study 2 is a large organization in the Government sector. The organization is 
funded by the Government, and mainly operates as the professional body of a ministry, 
providing client and consultancy services to the industry. The organization has been 
working for more than 20 years in the building sector. Although the head-office is 
situated in the capital city, branches for each district control the work there. 
Management structure and their responsibilities are well defined to provide the 
necessary service. Since all the construction works are carried out by appointed 
contractors, organization's work is limited to preparing tender documents and 
monitoring contractors, work. 
Although the company allocates professionals to sites to monitor the work, they do not 
have any control over the contractors' data management and flow of data. In this 
research, it is understood that observations should be made on contractors', and 
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suggestions should be taken from personnel who have the control over the situation. 
Therefore, after having -a number of discussions, it was decided to dFop the 
observations and comments taken on management of work and use of data, except for 
general information on estimating in consultancy organizations. - 
4.3.2.3 Case Study 3 
Case Study 3 is a'small organization in the private sector, which only undertakes 
contracting work. Although the company is a relatively new firm, the higher 
management comprises of well experienced professionals who have worked in the 
industry for more than 10 years. The company only undertakes small scale work 
(mainly building and water treatment services), and operates with few staff. Only one 
professional is allocated for each contract to carry out all the functions rather than 
allocating different management groups. They feel that, in that way the control over the 
contract is more achieved than the allocation of different professionals. 
However, the actual work is carried out by different personnel, under the guidance of 
the allocated professional. This can be easily accommodated since the company is 
situated in the capital city with most of its work around the city. The Company usually 
accepts conventional type of contracts with a B. O. Q. for direct pricing. If a different 
type of contract such as turn-key is awarded, a separate professional is employed on 
contract basis for the preparation of tender documents. 
4.3.2.4 Case Study 4 
Case study 4 is a medium scale organization in the private sector which only provides 
construction service. This is also a relatively new company with experienced personnel 
at high managerial levels. Although the head-office is situated in the capital city, the 
company undertakes work both in and outside the city. However, they only accept 
small to medium scale work which are manageable for their staff and equipments. The 
company has skilled staff to prepare the tender documents for contracts such as turn- 
key. 
4.3.2.5 Case Study 5 
Case study 5, which only provides construction service, is a large organization in the 
private sector. The company, situated in the capital city, is a well established 
organization working for more than 15 years. It undertakes any type of civil 
engineering or building construction work, both within and outside the capital city, with 
suppliers at local level. The company has an established management structure with 
defined responsibilities for each professional. Although the company has a methodical 
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approach to site monitoring and controlling (eg; cement return sheets, daily progress 
charts for labour etc. ), it is not effectively practised at site level. Higher management 
feels that those methods should be re-developed with less work to the site staff for 
better implementation. The company has started computerizing their estimating 
function, but still does not use the computer for direct pricing. Although the estimators 
are still not totally convinced about* the use of CAE, the higher management firmly 
believes that CAE could increase the efficiency. 
4.3.2.6 Case Study 6 
Case study 6 is a medium scale organization in the private sector which undertakes 
small to medium scale work in any area, both in civil and building construction. The 
company has a working experience of more than 10 years, and is situated in the capital 
city. They usually accept works which have a B. O. Q. for direct pricing. However, if a 
contract such as tum-key is encountered, an internal B. O. Q. is prepared by their staff. 
4.3.2.7 Case Study 7 
This is also a medium scale organization in the private sector, which undertakes small to 
medium scale work both in civil and building construction work. Though the company 
is an established organization working for many years, it now has a downward trend, 
working just to survive. According to information obtained, two recent jobs undertaken 
by this contractor organization were subjected to contractor determination because of 
delays and unsatisfactory work. Present management of post tender work is very poor, 
hence cash flow is irregular. ' However, they undertake some sub-contract work for 
foreign companies with relative success. 
4.3.2.8 Case Study 8 
Case study 8 is an established large organization in the Government sector working for 
more than 30 years in almost all over the country. The company undertakes work as 
tum-key projects both in civil engineering and building construction work. It operates 
as- a professional body for a ministry, hence provides client, consultancy and 
construction services to the industry. Management structure is highly organized and 
their responsibilities are clearly defined. The company has separate divisions for 
Drafting (Architects), Designs (Structural Engineers), Estimating and Cost Controlling 
(Quantity Surveyors and Engineers), and Construction (Engineers), hence has a 
reputation of - providing expertise for the overall industry. Most of the higher 
management in private organizations had developed their professional capabilities while 
working in this organization. The company has a separate work section for computers. 
However, computerization of the estimating function has still not being fully developed. 
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Clients, which usually are Government organizations, award jobs through negotiation. 
The company prepares the drawings, specifications, designs and B. O. Q. frorn a 
client's brief and provides the service from the inception. The estimator prices the 
B. O. Q. using company basic rates, and over-head and profit margin is given 
separately. Construction work is carried out either by direct labour or labour 
contractors. However, some jobs are awarded to contractors using conventional 
tendering procedure. Therefore, three types of contracting works can be observed in 
this organization. 
(i) Construction work by direct labour 
In this case, the construction division acts as the contractor which controls and monitors 
all the work like any other contracting organization. They are paid according to basic 
rates included in the estimate for the works, with profits plus over-head being 
separately paid as a fixed percentage.,, 
(ii) Construction work given to labour contractors ' 
This is also similar to the above except for labour control. -The construction division 
undertakes all the work such as scheduling, controlling and monitoring while advising 
the labour contractor on construction methods. Although the labour schedules, are 
prepared by the company, allocation of labour for each work item should be carried out 
through the labour contractor. The labour contractor may allocate labour in his own 
way, hence a dispute may arise between the construction division and the labour 
contractor. However, the total control over the job rests with the construction division 
to achieve the required quality and efficiency. 
(iii) Construction work given to contractors 
In this case, a contractor is selected through the conventional tendering process tQ 
undertake the construction work. The construction division has a list of pre-qualified 
contractors registered under them. Six to seven contractors are asked to submit 
estimates for the job. The selected contractor is awarded the job with full responsibility 
over the work. The construction division only allocates some professionals to sites, just 
to monitor and check the quality of the work. They do not have control over the 
contractor's management of work, hence have no influence on data use. Since the 
company has no control over the data flow in method (iii), only methods (i) and (ii) 
were considered when collecti. ng information for the purpose of this research. 
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4.3.2.9 Case Study 9 
Case Study 9 is a medium scale consultancy organization in the private sector. Although 
the company now only undertakes consultancy services for building construction and 
small scale civil engineering work, it had also provided construction service for some of 
their earlier jobs. Due to the complexities and hardship experienced, they have given up 
construction, and now concentrate on consultancy work. The company has working 
experience for more than 10 years, and well equipped with experienced staff both in top 
level and lower level. They have some joint ventures with foreign consultants for the 
preparation of tender documents and supervision of the work. 
As in case study 2, being a consultancy group, this company also does not have any 
control over the contractor's management of work and use of data. Therefore, this case 
study also would not benefit the survey on management and use of data, except for 
general information on estimating function in consultancy organizations. 
4.3.2.10 Case Study 10 
Case study 10, which mainly undertakes building construction work, is a newly formed 
small organization in the private sector. The company operates just similar to the 
company 3 (case study 3), except in preparing tender documents for turn-key projects. 
Here, the company uses their knowledge to prepare the tender documents rather than 
employing a separate person. 
91 
4.4, MANAGEMENT OF WORK 
It -was observed that, although there was a number of alternatives available (as 
explained in Section 2.2), only the conventional SMM is used to prepare and price the 
B. O. Q. Even for contracts like turý-key, an internal B. O. Q. is prepared for 
management of work. Ile estimate is used throughout the contract by the Management 
Groups', 'who are responsible for Management Functions to accomplish their 
Management Tasks. 'In this research, terms Management Functions, Management 
Gr6ups and Management Tasks are defined as: 
Manaizement Functions 
All the work in a contract are grouped to directly recognizable major functions, and 
called "as Management Functions. These are: estimating, purchasing, planning, site 
management, and quantity surveyinglfmancial control. 
Management Groups 
Professionals who are responsible for work'in management functions are defined as 
Management Groups. These are: estimator, purchaser; planner, site agent, quantity 
surveyor, and higher management. However, it was observed that, only four 
Management Groups (estimator, site agent, quantity surveyor and higher management) 
carry out most of the work in each management function. 
Managýment Tasks 
Tasks which are directly related to procurement and execution of contracts are defined 
ii Management Tasks. In this research, only the most important and common tasks in 
each management function are identified and defined. These tasks are given at the end 
of each management function described below. 
4.4.1' Estimating 
Estimators are employed to carry out the work in contractor organizations' estimating 
function. Work such as preparing unit rates and pricing bill items are the most important 
management tasks in estimating. If rates are high, the job will not be awarded. If rates 
are low, the job may be awarded, but losses occur at the construction stage. Therefore, 
to be competitive in the industry, expert skill is required from the estimators in 
ichieving the balanced rates. 
i, - z. "'' 
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Estimators do not prepare a B. O. Q. or check the quantities of the given B. O. Q. if the 
client provides a B. O. Q. with the tender documents. Their usual task is direct pricing 
using their own rates. However, they check the quantities if abnormal values appear in 
the bill. If a design and construct or specification and drawing work is encountered, the 
work of preparing tender documents (including a B. O. Q. ) is given to professionals 
who are familiar with the preparation of tender documents. Large and well-established 
organizations have their own ý professionals; but others, specially medium scale 
organizations may approach specialist consultancy organization for such work. Small 
organizations may employ a professional on contract basis if the work is extensive; 
otherwise they would prepare the documents by themselves. 
Although the estimators use published data like Building Schedule of Rates -BSR 
(Technical Committee 1988) for the basis of unit rates, a thorough analysis is carried 
out on market conditions, site conditions and localities when preparing rates. 
Organizations usually work with known suppliers, hence prices of materials are readily 
available. However, for distant sites outside the capital city, before preparing unit rates, 
local suppliers are inquired on prices. Basically, for each tender, estimators adjust their 
own company standard rates considering the above factors. 
Pricing of the B. O. Q. is carried out in three stages. First, a basic estimate is prepared 
using basic rates (only the cost to the contractor), and the total cost of the job is 
calculated. Then over-heads for the job are separately calculated considering site staff, 
vehicles, administrative costs etc. However,, Govemment organizations have a fixed 
percentage for over-heads and profit, which is directly applied on top of the basic 
estimate. Private organizations usually work-out the over-head cost as explained above, 
and decide on the mark-up at a board meeting. At the board meeting, higher 
management with the help of the estimator, site agent and quantity surveyor finalize the 
over-head and mark-up -figures as a percentage to the basic cost., The estimator, then 
modifies ý the basic rates by that percentage and prepare the esiimate for tender. 
Therefore, the contractor's over-head and profit margin is not shown to the client. 
The estimate contains the build-up unit rates for direct payments. Breakdown of 
resource requirements for each B. O. Q. item are not shown. However, some 
organizations, after 
' 
winning the job, prepare a third estimate for their post-tender use in 
addition to the above basic and modified estimates. The estimator splits the unit rate of 
each bill item to its material, labour and plant costs, and shows them along with the 
conventional unit rate. They believe that this rough guide would assist the site 
management. However, only the cost is given, but not the resource requirements. 
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Sub contracting work (sub-contract costs) are priced by the contractor's estimator after 
consulting their regular sub-contractors on rates and prices. These figures are rough 
values of the cost of the work, hence the estimator usually adds an allowance for 
possible risk. When the job is awarded, selected sub-contractors are called to submit the 
estimate of the work. Since the organization has their known regular sub-contractors, 
this method would always produce correct estimates while minimizing the cost and time 
taken to estimate before tendering. However, for large scale jobs, sub-contractors are 
called in proper way, some times even in competitive basis, ý to submit the bids for 
works. Selected sub-contractors' values are included in the estimate as final figures. 
Provisional sums are usually included in the client's B. O. Q. itself, hence the contractor 
should only agree to the values. However, for projects such as turn-key, the estimator 
has to price them using his knowledge. 
The following Management Tasks have been identified as the most important tasks in 
estimating. 
Taking-off and measuring quantities. 
Taking quotations (rates and prices) from suppliers. 
Preparation of unit rates. 
* Pricing B. O. Q. s (basic estimate using basic rates). 
*,, Taking quotations from S/Cs or pricing Prime costs. 
Pricing over-heads. 
Deciding the over-head and mark-up percentage. 
Preparation of final estimate using modified rates. 
4.4.2 Purchasing 
Contractor organizations have separate departments to purchase resources. They usually 
start the purchasing function of a project after winning the job. The Purchaser, who 
usually, works at the main office, buys the resources as bulk items and then distributes 
them to the sites according to the requirements of each site. 
The site representative (site agent) carries out all the necessary work such as, 
identification of requirements (weekly, monthly etc. ), checking of the resources on site, 
preparation of order forms (schedules) etc, and sends the orders to the purchaser. The 
purchaser does only the buying task. He should obtain requisitions from sites, check 
the central stores, place the orders to selected suppliers, and then deliver the resources 
to sites on time. Howeverjor sites which are'distant to the main office, specially 
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outside the capital city, the site agent does the buying task as well. In that case, 
reasonable prices for resources could be achieved by contacting local suppliers. 
Since the estimate is prepared in composite unit rates, substantial re-work is 
encountered ' 
at the site agent to identify the requirements, and then to prepare the order 
schedules. These will be described in Section 4.5. 
The following management tasks, have been identified as most important tasks in 
purchasing. 
* Identification of material requirements. 
Preparation of resource schedules for ordering purpose. 
Reviewing the material quotations and potential suppliers. 
Placing the orders. 
Purchasing or hiring/leasing plant and equipment. 
Making arrangements with S/C for their work (time, work, amount etc. ). 
tI 
4.4.3 Planning 
Large organizations have separate pla 
' 
nning divisions for planning, whereas small to 
medium organizations usually allocate the planning tasks of a project also to the site 
agent who is responsible for that particular project. It has been found, even in large 
organizations that, the preparation of planning documents by the site agent would 
benefit the project more than that of having separate divisions for such work. This is the 
result of having compatibility between the programme and the actual method of 
working. Therefore, the planners who work in planning divisions now contact the site 
agent for the preparation of such documents. 
Identification of activities and compilation of a time-based programme for the 
construction work are carried out by the site agent. The estimate is used to derive the 
data for these tasks. However, due to the format of the present B. O. Q. s, the site agent 
has to re-work and amend the available estimating data. This means that the data 
generated at the estimating function are not directly used for the planning purposes. 
More detail on this data flow is included in Section 4.5. 
Usually the B. O. Q. items are grouped into activities, and a programme is developed 
using the quantities in the bill items. Durations are roughly calculated for each activity. 
Material and labour requirements for each activity are not given in this programme, but 
only the durations are indicated. Also, no information such as when to order, duration 
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of stay etc. are given relating to the construction plant. At the construction stage, the site 
agent identifies the need of a plant just by referring to the descriptions of the activities 
and biU items. 
Ex: Item: Concreting fourth floor slab' ý 
Plant alternatives: Mixer+ Dumpers in elevators 
Mixer + Jib crane 
Mixer + Tower crane 
Mixer + Concrete pump etc. 
Tasks such as, resource scheduling (time-limited) and resource smoothening (resource- 
limited) are not effectively carried out. According to the contractors, the large amount of 
variations which happen after the commencement of the job, results in these tasks being 
laborious and tedious. Therefore, they are reluctant to update the programme while 
work proceeds, although it is prepared at the very beginning. However, contractors feel 
that planning should more effectively be undertaken at the pre-construction stage, so 
that regular updating at construction stage would be easier. The current need of the 
industry is good site monitoring and an effective feedback system which would help 
better planning and cost control of works. I 
The following management tasks have been identified as the most important tasks in 
Planning. 
* Identification of the tasks and planning of construction methods. 
* Compilation of a time based programme for work. 
* Incorporating the off-site manufacture items, special resources etc. 
* Incorporating preliminaries in the programme. 
* Incorporating the procurement of (or hired in) plant in the programme. 
4.4.4 Site Management 
T'he site agent with the help of his staff (site engineers, work supervisors, store keepers 
etc. ) allocates the resources for activities, and monitors the progress of the work. The 
estimate and the programme produced at earlier stages (estimating and planning) are 
used to prepare material schedules and requisitions. However, preparation of labour 
schedules for activities are not effectively undertaken. Each day, the site agent identifies 
the activities for the next day, calculates the labour requirements for those, and then 
attempts to accommodate the work within the existing labour strength. In some cases, 
temporary labour is employed. 
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Since resource scheduling is'not methodically undertaken, work proceeds in a 
haphazard manner with relation to the site labour strength. For example, if a heavy 
concrete work starts at the site, the labour working at different work places may have to 
stop their work and participate on concrete work. Also, the labour employed for such 
works today may not have sufficient work in next week due to lack of efficient planning 
and resource smoothing., There have been cases of stoppages in work due to 
insufficient labour, unavailability of plant, breakdown of equipments and plant, 
insufficient materials on site etc. These are the consequences of inefficient site 
management. 
Site monitoring by preparing programmes for, total work, work done to-date, balance 
work and present work is not effectively practised. The very important task of checking 
of the actual use of resources against the estimated values are also not carried out 
satisfactorily. Therefore, feedbacks from sites to offices are rarely seen. Site personnel 
point out following reasons as the causes for this ineffective site management: 
* Insufficient site staff. (This is related to contractor's allocation of money) 
Larje amount of variations which affects the programme. 
Delays in receiving materials and plant. (This is related to the contractor's cash flow) 
Substantial time and effort required in existing site monitoring and site controlling. 
(This is due to the irregular data flow and unnecessary re-work) 
The estimate and the programme do not indicate resource requirements for each item. 
(This is related to the present format of the estimate) 
Arrangements to collect data on'actual use of rpsources are not in a suitable format. 
(This is related to. present format of the estimate and stock control systems). 
Following management tasks have been identified as the most important tasks in site 
management. 
" Identification of material requirements. 
" Scheduling and allocadon of materials. 
" Identification and allocation of plant. 
* Identification and allocation of labour. 
Monitoring the progress of the work. 
Recording actual use of resources and S/C work. 
( 
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4.4.5 Quantity Surveying/ Financial Control 
Medium and large organizations have a separate quantity surveying division to 
undertake the work in quantity surveying and financial control of projects. Small 
organizations employ a separate expert on contract basis for the particular project. 
However, if the project is small, they assign these tasks also to the site agenL 
Cost controlling is very poor on sites. Cost targets are never prepared. Although the 
completed work is monthly measured for the preparation of the interim bills, the 
estimated (budget) values and the actual costs of the works are not effectively 
compared. Therefore, the contractor is unable to correctly identify a cost over-run or a 
time over-run of, a project. However, the site agent, with the help of the store keeper 
observes a rough picture on the situation by comparing the rough values of money 
spent and the estimated values of major sections of work. This process requires 
substantial time and effort, because of the present format of the estimate where all the 
data are included in a composite unit mte. 
Cash flows are not effectively documented and monitored for each job. Although the 
contractors prepare a cash flow chart at the estimating function, it is not effectively 
maintained or monitored at regular intervals. They do not effectively maintain in-and- 
out cash flow charts over the time span. If a check is required, they identify the cash 
flows just by referring to the activities in the programme, monthly bills and stock 
documents. However, financial control of the whole organization is carried out at the 
accounts division on an overaH basis. 
Contractors identify the following reasons as the causes for ineffective cost control: 
* Insufficient staff. (Most of the tasks are allocated to the site agent) 
* Ineffective site controlling and monitoring of actual use of resources. (A result of 
poor site management) 
Large amount of variations which need attention and time. (This is because of the 
.: poor designs and variabilities in tender documents) 
* Data available in the estimate are not in suitable format for the direct use. 
* Substantial effort and time required in present methods of cost controlling. (Cost 
control is not related to the B. O. Q. ) 
According to the observations made, it was found that cost control should be related to 
the B. O. Q. in such a way that the contractors' staff should be able to do the work with 
less effort and time. 
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Following management tasks have been identified as the most important tasks, in 
quantity surveying/ financial control function: 
Preparation of interim bills. 
Pre aring and monitoring cash flow. 
I., 
p 
Accommodation of variations. 
Preparation of claims. 
Preparation of the final bill. 
: 4.4.6 Management Functions, Tasks and Groups 
I Management tasks undertaken in estimating, purchasing, planning, site management 
and quantity surveying are surnmansed under each section, and illustrated in Table 4.2. 
The allocation of management groups for each task is also illustrated. From Table 4.2, 
it is clearly seen that estimator, site agent, quantity surveyor and higher management 
hold the responsibility of the work. However, it is evident from the table that the site 
'agent undertakes most of the works, hence bears the burden throughout. 
"4.5 DATA FLOW IN BUILDING CONTRACTOR ORGANIZATIONS 
Only the use of measured data (estimating data) have been considered in this research. 
Management Groups use the measured data to carry out their management tasks in 
different management functions, and pass them to the other management groups. In this 
research, the pattern of receiving, using and passing of measured data is called the 
'flow of data'. Data flow between management groups, management functions and 
management tasks were studied in the case studies. It was observed that the interaction 
of the generation of measured data within and between management functions is highly 
complex. Estimating data are used with substantial re-work, hence the present format 
i and presentation of them can be seen as the major cause for the inefficient flow of data. 
,, 4.5.1 Data flow between Management" Groups 
As explained in Section 4.4.6, only four management groups (estimator, site agent, 
quantity surveyor and higher management) have been identified as the groups who have 
control over projects. Therpfore, identification of data flow between them was 
considered as most appropriate to observe the situation. Figure 4.1 illustrates the flow 
of measured data between them. 
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Table 4.2 Distribution of Management Tasks in Management Functions 
and Management Grouns 
MANAGEMENT MANAGEMENT TASKS NIANAGEMEN17 
FUNCTION GROUP 
A. Estimating Taking-off and measuring quantities. ES 
Taking quotations (rates and prices) from suppliers. ES 
Preparation of unit rates. ES 
Pricing b. o. q. s (basic estimate using basic rates) ES 
Taking quotations from S/C or pricing prime costs. ES 
Pricing over-heads. ES + SA + HM 
Deciding the mark-up. ES +SA+HM 
Preparation of final estimate using modified rates. ES 
B. Purchasing Identification of material requirements. SA 
Preparation of resource schedules for ordering purpose. SA + PR 
Reviewing the material quotations and potential suppliers. SA + PR 
Placing the orders. ' SA + PR 
Purchasing or hiring/leasing plant and equipment SA + PR + HM 
Making arrangements with s/c for their work (time, work, amount) SA+HM 
C. Planning Identification of tasks and planning of construction methods. SA 
Compilation of a time-based programme for work. SA + PL 
Incorporating the off-site manufacture items, special resources etc. SA+PL+HM 
Incorporating 'preliminaries in the programme. SA 
Incorporating the procurement of plant (hired-in) in the programme. SA 
D. Site- Identification of material requirements. SA 
-Management Scheduling and allocation of materials. SA 
Identification and allocation of plant. SA 
Identification and allocation of labour. SA 
Monitoring the progress of the work. SA 
Recording actual use of resources and S/C work. SA+SK 
E. Quantity- Preparation of interim bills. QS + SA 
-Surveying/ Preparing and monitoring cash flow. QS + SA 
Financial- Accommodation of variations. QS + SA 
-Control Preparation of claims. QS + SA 
Preparation of final bill. QS J 
ES- Estimator; SA- Site Agent; HM- Higher Management; PR- Purchaser PL- Planner; 
SK- Store Keeper; QS- Quantity Surveyor 
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Estimator-, gent (Purchasing, Planning, 
---------------- <ý- Site Management) 
Quantity Surveyor 
Key: 0, data floW 
1 -14 ------- poor feedback on cost and time 
Figure 4.1 Data flow between Management Groups 
Although Figure 4.1 clearly shows poor feedbacks between management groups, it 
does not show the correct picture on re-work at data use. Since the site agent does most 
of the work (as explained in Table 4.2), flow of data is not correctly visualized in this 
r6nner. Therefore, to identify the re-work in use of data, the data flow between 
management functions was observed. 
4.5.2- Data flow between Management Functions 
Most of the management groups are, responsible for more than one management 
function. For example, the site agent assumes most of the duties of all the management 
functions from the estimating to the quantity surveying throughout the project duration. 
Also, the. management groups have different ways of data management at different 
functions. Therefore, only by, observing the data flow between management functions, 
could the re-work in the use of estimating data be properly identified. 
Substantial data formation, amendments and re-generations were observed at 
management functions when they use the estimating data for the tasks. Also, it was 
observed that, feedback of cost and time incurred at management functions to the others 
was not properly carried out. Flow of data can be illustrated in a simple manner as 
given in Figure 4.2. 
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Figure 4.2 Data flow between Management Functions 
4.5.3 Data flow between Management Tasks 
Data flow between management tasks was observed to obtain a clearer picture on the re- 
work in data use. All the management tasks were grouped to major operations, so that 
the flow of data can be illustrated in a simple manner. Two types of data flow were 
identified depending on the method of preparing the final estimate. The common type, 
where the final estimate is prepared using composite unit rate, is illustrated in Figure 
figure. 4.3 clearly shows an irregular flow of data with no feedback. Also, substantial 
re-work at the use of data is highlighted. This is mainly because of the measured data 
pTýpared at the estimating function is ineffectively used for the other management tasks. 
It was observed that the improper format and presentation of estimating data was the 
main reason for such inefficiency. This was confirmed when the second type of data 
flow'was observed. 
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Figure 4.3 Data flow between Management Tasks -Type I- 
The second type of data flow can be observed in companies where a third estimate (in 
addition to Basic and Modified) is prepared after winning the job. This third estimate 
contains three additional columns to include the breakdown of unit rate to its cost 
components of material, labour and plant. It was observed that the data flow was better 
ihan that of Type 1. Although the feedback was poor, at least some attempts have býen 
made to inform the management functions, specially estimating, on their prepared data. 
Also, the amount of re-work at data use was less than that of the Type 1. It was 
identified that the use of a third estimate as the reason for this difference. Therefore, it 
can beý concluded that, a better format and presentation to the estimating data would 
reduce the inefficiency in data management. The observed flow of data is illustrated in a 
simple manner in Figure 4.4. More detailed analysis on the use of estimate and re-work 
at management tasks is given in Chapter 5. 
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Figure 4.4 Data flow between Management Tasks -Type 2- 
4.6 COMMENTS AND SUGGESTIONS FROM THE INDUSTRY 
Professionals in the contractor organizations believe that the current format and 
presentation of the estimating data is the reason for inefficient site control, site 
monitoring and cost control of work. According to them, it is easier to carry out their 
tasks if the estimate is prepared in an improved manner than the existing format. 
Therefore, research which investigates possible formats for the estimate to increase the 
efficiency in contractor organizations by reducing the re-work in data use is justified. 
New formats, described in Chapter 2 were mentioned during the discussions to obtain 
.1. comments and suggestions fr6m the practising professionals. The proposal of preparing 
the bill in operational basis (Operational Bill) was rejected by almost all the 
professionals. According to them, this would not solve the problem but may increase 
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the complexities. Specially in Sri Lanka, where Government Auditors check the work 
in Government funded projects, an operational basis would create more problems than 
the conventional SMM pýocedure. Conventional format is the best approach for such 
auditing purposes. Since most of the work is funded by the Government, it is not 
advisable to change the format to operational basis only for a small proportion of work 
in the private sector. 
Contractors need a shorter and more simple B. O. Q. for direct pricing. Operational basis 
would increase the size of the B. O. Q., hence the change to that basis was not practical. 
Also, the problem of incompatibilities between the client's identification of items and 
the contractor's method of working was highlighted. General reactions of the 
contractors to an operational basis were just similar to the past, reactions of 
professionals explained in Chapter 2. Also, they pointed out that the preparation of 
construction sequence using the items in the conventional bill is much easier than 
preparation of an operational bill. Hence measurement by operations is not required. 
The proposal of builders' quantities was also rejected, mainly because of its similarity 
to the operational bill. Professionals saw the two methods as the same, although the 
later has only being designed for special type of contracts which do not have bill of 
quantities. Criticisms were the same as that given in Chapter 2. However, the idea of 
splitting the unit rate to its components was appreciated. Also, the inclusion of buying 
units was acknowledged. 
For example, the BPF System, the elemental bill, etc. also were rejected. ý From the 
discussions, it was clear that any revolutionary change to the conventional format 
Would not be welcomed by the industry. Therefore, any new proposal should be 
developed within the limitations of the conventional practice. Some of the professionals 
even pointed out the fact that the changes required have been accommodated in the 
SMM, which is now in its seventh edition. 
CAE was welcomed. Professionals feel that computerization would not only ease the 
estimating management function, but also would provide fairgrounds to other 
management functions for their tasks. Integrated systems were new to the industry, 
hence the professionals were not able to comment on them apart from. - accepting the fact 
that it would help the data management. However, small organizations who carry out 
small scale work were not convinced on the possible advantages in computerization. 
According to them, expenditure on computers cannot be justified only by the increase in 
efficiency of the estimating function. The increase in the'capital and over-head cost 
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would be a burden to small organizations who cannot recover this cost from their small 
scale work. 
4.7 UNITED KINGDOM PRACTICE 
In 1985, Pasquire and McCaffer (1985a) had carried out a study on data management in 
the United Kingdom building construction industry. Their main objective was to define 
a set of builders' quantities for use with contracts without quantities, that could 
accurately describe the work for estimating purposes, whilst at the same time providing 
an operational management document for use by other management functions. These 
functions were; purchasing, costing, planning, measurement and valuation, and site 
management. It was further suggested that these builders' quantities could be derived 
from observation made of the use of measured data by the various management 
functions within a contracting organization. Therefore, the first stage of their research 
: was to observe the current data management practices in contracting organizations. To 
achieve this, they had carried out case studies of three contracting organizations. 
These case studies had allowed the definition of the management tasks undertaken in the 
procurement and execution of a contract. Pasquire and McCaffer had identified thirteen 
critical management tasks and six major management function groups. However, they 
had not distinguished the difference between the function and the group. According to 
their study, management groups are the same as management functions. Each 
management group was responsible only for one specific function, hence the need to 
difýerýntiate had not been emerged. 
iThe grouping of tasks performed by each function group was illustrated in tabular 
format with the tasks allocated to the function group that most commonly undertook 
them. The collaboration between groups, over a particular task was also represented. 
This grouping is reproduced here in Table 4.3 for information. 
Pasquire and McCaffer had identified the initial source of measured data from which all 
function groups took their information, as that contained in the tender documents. The 
measured data varied according to the stage of procurement or execution of the contract 
and the function group receiving the data. The stages in a contract and the group 
involved at each stage was presented in a tabular form as given in Table 4.4. 
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Table 4.3 Pasauire's rindin2s on data mana2ement 
TASK PERFORMED MANAGEMENTFUNCnON 
L. Measuring the quantities for tender purposes. 
i) to supplement quantitive tender documentation. - Estimator - prepares gross quantity of each 
resource used. 
ii) to provide quantitive data where none supplied by Estimator - measure quantities off drawings. 
client eg; design/constr. speci/drawings tenders. design brief for pricing purposes. 
2. Price the quantities to produce the tender. Estimator. 
3. Price preliminary items, PC'and provisional sums. Estimatpr - may seek advice from site manager. 
4. Assess percentage addition for profit and over-heads Estimator - may seek advice from higher nmgmt. 
5. To schedule the materials for ordering. Purchaser. 
6. Compile time-based programme for the works., Planner - may seek advice from site manager 
and/or purchaser. 
7. Order materials in line with programme. Purchaser - may seek advice from site manager. 
S. Allocate labour resources in line with programme. Site manager. 
9. Prepare target costings and monitor profitability. Surveyor - may seek advice from site manager 
and higher management. 
10. Monitor progress on site. Site manager - may seek advice from 
higher management. 
11. Prepare interim valuations. Surveyor - may seek advice from site manager. 
12. Accommodate variations. Purchaser > 
Planner > may seek advice from 
Site manager > higher management. 
Surveyor > 
. 13. Prepare 
final account. Surveyor - will report to higher management. -.., 
Source: Table 1. Standardised Tasks performed by Management Functions. Pasquire & McCaffer(1985a) p4a 
Table 4.4 Pasouire's findines on data flow throuA contract stai! es 
CONTRACT'STAGE FUNCTION GROUP RECEMNG MSD DATA 
PRE-CONTRACT' 
Estimating Estimator 
Site Manager A6ise estimator 
Higher Manager do not use data 
POST-CONTRACT' PRE-START ON SITE 
Resources allocated Purchaser 
Planner 
Site Manager 
Programme Higher Manager - advice only 
POSTCONTRACr 
Execute works Site Manager. ) Higher Manager 
Profitability and valuations Surveyor advice only 
Variations Site Manager 
Purchaser 
Planner 
Surveyor 
Source: Table II Data flow through contract stages and Management Functions. Pasq & McC (1985a) p7a 
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Observed flow of measured data through the contract had been summarised as given in 
figure 4.5. 
Estimator 
Surveyor Purchaser 
Planner'-4 
, Site Manager-4- 
source: Pasquire and Mccaffer (1 985a) p6 
Figure 4.5 Pasquire's observation on data flow between groups 
Pasquire and McCaffer had later developed a more detailed data flow as illustrated in 
Figure 4.6. It is evident from Figure 4.6 that the management functions still need the 
tender documents to obtain data which do not appear in the estimate. 
Tender - 
Documents 
Programme, 4 ctual use 
Resources 
Materiall: ý 
Schedules 
Financial 
rates: Control 
only 
Estimate, 
rates. 
only d I 
-Targets 4 
source: Fig. 1 Pasquire's observation on flow of measured data, Kodikara (1987) p37 
Figure 4.6 Pasquire's observation on measured data flow 
of 
I 
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Although not illustrated in the above Figures, the most significant conclusion Pasquire 
and McCaffer had drawn from their research (Pasquire and McCaffer 1985a) was that 
there had been a substantial amount of re-working and transforming of existing 
measured data by each of the management functions in order to provide themselves with 
data presented in a form suitable'to the performance of the tasks undertaken by each of 
them. 
The findings of Pasquire and McCaffer research were compared with the findings of the 
survey carried out in this research. It was observed that the problem of inefficient data 
management in the United Kingdom was the same as the problem in Sri Lanka. 
Management tasks, functions and groups were similar in both industries, although the 
allocation of responsibilities were different to each other. Both industries use the SMM 
as the main document to prepare bill of quantities. The procedures and considerations 
practised in both countries were the same. The only difference was that, in Sri Lanka 
the work load was more concentrated on the site agent in contrast to the United 
Kingdom' s'more distributed pattern (reference to Tables 4'. 2 and 4.3). 
The problem of inefficient data management was common to both countries. Substantial 
re-working and transformation of existing data at the management tasks were identified 
in both the industries. In both industries, thebbserved major cause to the inefficient 
data management was the format and presentation of the estimating data. Therefore, the 
need to improve the format and presentation of estimating data is common. 
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4.8 SUMMARY 
The current practice of data management in building contractor organizations was 
described in this chapter. Although the problem of inefficient data management had 
been a talking point for many years (as explained in Chapter 2), a clear picture in the 
current industry was essential to establish the current need. Therefore, a survey of 10 
case studies in Sri Lankan building contractor organizations have been carried out to 
identify the present situation of the industry, and then to define the problem. The survey 
has been carried out in such a way that it would be possible to obtain suggestions and 
comments on past proposals, while establishing the current situation and the problem. 
A selection criteria was developed to judge the representativeness of the case studies to 
the overall industry. Although the criteria was to choose the case studies considering 
ownership, size, type of work, experience and location of work, willingness to 
participate has been the most crucial factor. Therefore, it was a very difficult task to find 
organizations which were prepared to participate in the survey, and at the same time 
satisfying the selection criteria. This rýsearchees knowledge about the industry had 
helped to overcome this problem. 
It was observed that, although there are number of alternatives available, only the 
conventional SMM is used to prepare the tender documents. management functions, 
management groups and management tasks were identified and defined. Each 
management function was studied in detail to establish the current practice. Also, the 
management groups responsible for them were established. Further, most important 
management tasks under each management function were listed. Relationships between 
management functions, groups and tasks were observed and summarized in Table 4.2. 
Data flow between management groups, functions and tasks were observed and 
established in Figures 4.1,4.2,4.3 and 4.4. Two types of data flow have been 
observed between tasks, depending on the preparation of the estimate. Substantial data 
formations, amendments and re-generations were observed in the use of data for 
carrying out the tasks. Measured data prepared at the estimating function have been 
ineffectively used for the other management tasks. It was established that, the improper 
format and the presentation of the estimating data as the main reason for such 
inefficiency. When the estimate was prepared splitting the unit rates into its cost 
components, a better data flow (Figure 4.4) resulted. lberefore, it was suggested that 
the presentation of breakdowns in the estimate would decrease the re-work in data use 
and provide better documentation for other management functions. 
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Professionals' comments and suggestions on the problem were discussed. Also, their 
reactions on past proposals were analysed. It was observed that any revolutionary 
change to the conventional format would not be welcomed by the industry. Therefore, 
any new proposal should be developed within the limitations of the conventional 
practice. 
Pasquire and McCaffer's study on the data management was analysed to observe the 
United Kingdom practices. It was observed that the problem of inefficient data 
management in the U. K. is the same as the problem in Sri Lanka. Ile major cause for 
the inefficient data management was the format and presentation of the estimating data. 
lberefore, the need to improve the format and presentation of the estimating data was 
common. 
Now the current practice of data management and the problems of inefficient data use in 
the industry are properly identified and established in this chapter, the next step is to 
identify the reasons 
'' 
for such inefficiency. It was, suggested (by practising 
professionals) in this chapter, that th e format and presentation of estimating data as the 
major cause for this inefficiency. Therefore, the current use and extent of use of the 
estimate is required to be studied in detail to establish the problem. Also it is required to 
identify the crucial areas in the estimate which need urgent attention. Chapter 5 
describes the methodology and findings of this study. 
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C hapter 5 
USE AND EXTENT OF USE OF ESTIMATE 
5.1 INTRODUCTION 
5.2 CONTENT OF BILL OF QUANTITIES 
5.3 PAST RESEARCH ON USE OF ESTIMATE 
ý5.4 METHODOLOGY 
5.5 USE AND EXTENT OF USE OF ESTIMATE 
5.6 USE AND EXTENT OF USE OF INFORMATION 
ý PACKAGES 
5.7. SUMMARY 
5.1 INTRODUCTION 
In Chapter 4, substantial re-working and re-generation of data were observed when 
establishing the flow of data within and between management groups, functions and 
Tasks. Measured data prepared at the estimating function have been ineffectively used 
for the other management tasks because of its poor format and presentation. Therefore, 
it was concluded in Chapter 4, that it is necessary to study in detail the use and extent of 
use of the estimate to establish the problem and the areas (in the estimate) which need 
attention. Hence, a detail study on use of estimate is followed and the problem of poor 
extent of use of estimate was investigated. This study is explained in this Chapter. 
Information is included in the B. O. Q. varying from preliminaries to provisional sums. 
It is essential to separately identify the use and extent of use of this information to 
observe the crucial areas. Therefore, information in the B. O. Q. is clearly identified and 
categorized to sections for the observation of possible use. This is explained in Section 
5.2. 
During the past 30 years, many professionals had investigated on the post-tender use of 
the estimate. Brief descriptions on these researches are included here for information. 
However, no one has of investigated the extent of use of the estimate for post-tender 
work. Therefore, the findings of this study is an improvement to earlier research on use 
of estimate for post-tender work. 
Use and extent of use of the estimate over management tasks in eight case studies were 
observed during the study. Graphs were prepared for visual presentation of the 
collected data. Average values were calculated to establish the overall position of the 
extent of use of the estimate in the industry. 
Use and extent of use of each information package was also investigated and 
established. Again, graphs were drawn for visual presentation of the collected data. 
Most crucial information packages which need attention were established. 
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5.2 CONTENT OF BILL OF QUANTITIES 
Ibe first and foremost purpose of the B. O. Q. is that it enables all contractors tendering 
for a contract to price on exactly the same information with a minimum effort (Seeley 
1965). 'Me other main purposes are: I 
" to provide a basis for the valuation of variations which often occur during the 
progress of the work. 
" to give an itemized list of the component parts of the building, with a full description 
and the quantity of each part, which may assist the successful contractor in ordering 
materials and assessing his labour requirements for the contract. 
" after being priced, to provide a good basis for a cost analysis, which subsequently 
will be of use on future contracts in cost planning work. 
To fulfil the above requirements, B. O. Q. are prepared with precise information. This 
information can be categorized into three main sections (Pasquire and McCaffer 1988) 
such as: 
Preliminaries 
*Preambles 
Bills 
Preliminaries describe any contract requirements which do not relate directly with the 
construction works. This may include, the form of contract to be used, access to the 
site, any temporary works and accommodation required, health and safety 
requirements, financial details, insurances etc. Preambles describe the standards of 
workmanship and materials to be incorporated into the works. Bills containing the 
measured items of construction works comprise of three major components; work 
description, units and quantities. 
Written description of the item of construction work is usually a description of a 
finished item of work based on the type of material incorporated into the building or, in 
the case of work such as excavation, the material removed. In each case, neither a 
description of the utilisation of labour and/or plant nor any details of the method of 
achieving the works is given. The description carries a unit of measurement with it. 'Ilie 
unit may be linear, square, cubic or just a number. Descriptions which are not 
quantified do not contain the units but are described as 'itenf. Some indication of 
length/width/height of the described construction work, whether quantified or measured 
as 'item! is given in the written description where appropriate. eg: a square metre of 
blinding specifies a thickness in the description. 
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Every'described item within the bill is allocated a quantity of measured units. This 
quantity is measured off the drawings and represents the net quantity of material 
incorporated into that item of construction or, in the case of excavation, the net quantity 
of material removed. Allowances for wastage, bulking or compaction of the materials 
are not included, hence should be considered as contractor's risk factors. 
The priced B. O. Q. contains a unit rate along side the quantity of a described item. This 
rate represents the net price the contractor will be paid for the completion of one unit of 
work described in the written description. Ilierefore, the estimator establishes the rate 
after analysing the direct cost, over-heads and mark-up of the organization. 
When-the use of the estimate for management tasks is investigated, it is better to 
observe the use of specific information one-by-one rather than considering the total 
estimate (Skinner 1979) as a whole. Therefore it is advisable to sub-divide the estimate 
into information groups under appropriate headings, and observe the use and extent of 
use of them for particular management tasks. For this purpose, many bills of quantities 
of different formats- were examined and a list of eleven groups fundamental to all bills 
were identified. The relevant knowledge on most important information were gathered 
during the case studies carried out in Chapter 4.3. It was also suggested to have less 
number of groups to reduce the complexities. Definitions of these selected groups 
which are termed in this research as 'Information Packages' are given below. 
Times/Durations 
The information relating to the possession and completion of the works, details of 
phasing the completion and inter-dependencies of important items. , 
Preliminaries 
The information relating to financial details, statutory details, facilities and services, and 
general responsibilities. Facilities and services include all matters relating to the 
temporary accommodation, storage and temporary services for cleaning the site. 
Material SDecifications 
Specific information relating to the materials which are to be incorporated in the works 
are defined as material specification. These include standards and quality of materials 
(eg: BS), trade literature, and all information relating to mixes and/or strengths where 
materials are mixed together. 
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Work Des&riýtions ý', "III 
A written description of the item of construction work is defined as the work 
description. 'Mis is usually a description of a finished item of work. 
Working Methods 
The information relating to the method of construction, workmanship and performance 
standards. Eg: the requirements of curing, drying and protection. 
Ouantifies 
The total quantity of measured work, billed against each work item. 
Quantity Units 
The units in which quantities are expressed. This may be linear, square, cubic or just a 
number. 
Unit Rates II "I 
Ile total amount of money chargeable for the completion of one unit of work written 
against each work description item. 
Provisional Sums I 
The sums provided for work or for costs which cannot be entirely foreseen, defined or 
detailed at the time of tendering. 
Prime Cost Sums 
The sums provided for work or services to be executed by a nominated sub-contractor, 
a statutory authority or a public undertaking, or for materials or goods to be obtained 
from a nominated supplier. 
Temporga Works 
The work which must*precede the actual building work are defined as temporary 
works. These may serve to retain external forces during construction, support the 
construction work or provide access to the point of working. 
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5.3 PAST RESEARCH ON USE OF THE ESTIMATE ý. 
Past work on formulation of a better format and presentation of the estimating data were 
explained inChapter 2. Those new proposals were aimed at deriving a better post- 
tender use of the B. O. Q. Apart from them, there have been many other concepts and 
research works on post-tender uses of estimates over the past three decades. Although 
not well known as the work explained in Chapter 2, some of this work also had 
contributed to expanding the knowledge on post-tender use of estimate. 
In -1964, the Banwell Report (Banwell 1964) recognized that although the. bills of 
quantities are primarily devised for tendering and allied purposes, it should not be their 
only function. Bills could be used for purposes other than tendering, including costing, 
bonusing, ordering, programming and controlling. However, the conventional format 
of the B. O. Q. was considered as inadequate for such purposes. In the mean time, a 
study of communications in the building industry (Higgin and Jessop 1965) recorded 
that some different presentation of information to the builder could help materially to 
plan work and control costs. According to the Banwell Report, the quantity surveyor 
should be regarded as the'economist' of the modem construction industry. The proper 
use of cost information has a vital role to play in eliminating uncertainty from the 
process of decision making in construction matters. 
Nelson (1970) had identified the B. O. Q. as a document which fails to provide the site 
with the information system it needs. According to him, site and trade supervisors had 
devoted a large part of their time to seeking inforipation, assembling it from numerous 
sources, translating. inforination from several drawinp into work piece sketches and re- 
calculating dimensions and quantities into units which have some meaning on site. 
These activities had consumed the time which could have been spent on other 
management and control functions. Some of the reasons mentioned were: un-co- 
ordinated information, aggregation of quantities on a 'similar material' rather than on 
operation basis, and measurement of quantities in units which need conversion before 
they can be used. However, he also had chosen the operational format to the bill by 
proposing the primary presentation of information to be related to production units with 
schedules of material, plant and labour resource requirements. 
Vine-Lott (1978) had criticized the format of the bill as an encouragement of sloppy 
management. According to him, the detailed pattern of individual specialists, of detailed 
specifications and B. O. Q., and schedule of rates had promoted the British Industry as 
the most expensive (in terms of cost per m2) construction industry in the developed 
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world. However, apart from highlighting the simpler B. O. Q. -related to method anýd 
location- associated with performance specification and relevant worUng drawings, he 
had not proposed any new method to reduce the repetition and re-work involved in 
contractor organizations. Vine-Lott had just pointed out that the computer could be used 
to store information and present data to the user in a'suitable form. 
Skinner (1979) had carried out'detailed research work on'the contractor's use of the 
B. O. Q. and the utilityderived from the information contained in the bill for the whole 
contracting process. According to him, to continue to justify the bill simply as a vehicle 
for contractor selection fails'to recognize the potential 'of its detail, and more 
particularly, ignores its extensive contribution to production, which may as far as the 
successful contractor is concerned, greatly exceed its contribution to tendering. 
Skinner's research attempted to identify in detail how the bill was used by the 
contractor. Format, adequacy and independence had been studied to assess the 
usefulness, 'or- utility of the bill. The format refers to the presentation, structure and 
arrangement of information as it appears in the bill. The adequacy refers to the 
suitability, or otherwise, of the information to be used for a specific purpose without 
the need to make additional allowances, alterations or amendments to it. The 
independence'refers to the absence of any need to seek additional information to 
supplement that presented in the bill. The research concerned with the opinions of 
estimators, planners, buyer s, agents, contract managers and surveyors as individual 
experienced professionals and administrative members of the industry. 
Skinner's study had produced a detailed picture of. the usefulness of the information 
provided in the bill to the contractor. Also, a number of conclusions had been de 'ved. n 
concerning the quality of information. His results confu-med that bills of quantities 
make a substantial contribution to the planning, buying and manufacturing areas of 
production. However, it was also evident that existing bills are not ideally suited, either 
in format or content to the needs of tendering or production. Skinner had not proposed 
any new- method, but had pointed out that preparation of a tender document which 
provides the contractor the cost significant factors and authoritative information which 
may be manipulated to satisfy a variety of needs was an urgent requirement. 
The Estimating Practices Committee (EPC) of the Chartered Institute of Building 
(CIOB) had the opinion that, once a contract was secured, building contractors do not 
use the estimating data as much as they could (Clay 1983). A working party was 
therefore set-up to investigate if this was the case, discover the reasons why, and to 
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recommend a Code of Practice on the post-tender use of estimating data. At the 
meetings held early in 1983, the working party of the EPC of the CIOB discussed the 
issue and decided to do a survey using self-administered questionnaires. 
Clay (1983), formulated a research work parallel to the CIOB survey to observe the 
current use of estimating data, to establish what uses can be made, and to discuss the 
problems associated with further use of estimating data. In fact, Clay had worked with 
the EPC to prepare questionnaires, circulate them and derive conclusions. After 
analysing the responses to questionnaires and conducting a series of discussions with 
contractors, Clay concluded that there is significant post-tender use of estimating data in 
the industry. However, his study could not reveal the problems associated with the 
post-tender use of estimates. Clay suggested that the CIOB should proceed the research 
work not only to investigate the possible use of estimating data, but also to define the 
inhibiting factors. 
Unfortunately, any published material by the 82/83 working party of EPC of the CIOB 
could not be found to observe their findings. Even Mr. Tony Daffey of the CIOB could 
not assist to find any document. According to Pasquire, CIOB had formed another 
working party in 1986 to investigate the post contract use of estimating data with a view 
of publishing a handout (Pasquire and McCaffer 1988). In fact, Pasquire had attended 
the meetings of this working party. However, when she was asked about the results/or 
progress of the work, she revealed that the work of the 86/87 working party had never 
started. Pasquire also stated that, to her knowledge, 82/83 working party had not 
published any document. 
Work carried out in this Chapter reveals the contractor's current use of estimates, extent 
of use of estimates and the major problems associated with the use of estimating data. 
Also, this study identifies the crucial areas in the estimate which need urgent attention to 
have better extent of use. Therefore, this research would give some basis to start with to 
achieve CIOB's objective of producing a recommended system of using estimating data 
in the post-tender stage of a contract. 
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5.4 METHODOLOGY 
The objective of the study is to examine the use and extent of use of information in the 
estimate for the contractor's management tasks throughout the whole process of 
tendering and construction. This study comprised two parts, the data collection and the 
data interpretation. 
5.4.1 Data Collection 
This study is just an extension of the survey presented in Chapter 4. As explained 
earlier, what is required is to establish the current position of the use and extent of use 
of the estimate in building contractor organizations. Therefore, only eight case studies 
out of ten explained in Chapter 4 were selected for this detailed analysis. The two 
companies (case studies 2 and 9) who do not provide the construction services (refer 
Table 4.1) were not approached due to the reasons mentioned in Chapter 4. 
Information in the estimate were grouped to 11 Information Packages as explained in 
5.2. The management tasks identified in the Chapter 4 (Table 4.2) were reduced to 21 
most critical tasks (considering the importancy) to represent the contractor's post tender 
work in the most suitable and simplest manner. These 21 tasks are given in Table 5A. 
A data collection sheet was designed in such a way that the observations on use and 
, 
extent of use of the above infoimation packages for each task could be directly 
obtained. An example of the sheet is illustrated in Figure 5.1. Each task required a 
separate data collection sheet, hence 21 sheets were used for each selected contractor 
organization. 
Each contractor organization was visited several times, and the management groups 
w, ere asked to provide their observations for relevant tasks. If the answer is 'YES' for 
thi use of any information package for a particular task, the percentage extent of use of 
that information package should also be answered by considering the re-work, 
amendments and repetition involved in the use. For an example, if the management 
group experiences a 60% re-work at the use of 'quantities! for'preparation of resource 
schedules for ordering purposes, then the extent of use is just 40%. The percentage of 
re-work is a rough estimate of the effort that the management group requires to transfer 
the data for the particular task. If no such re-work is involved, the extent of use is 
i00%. 
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Table 5.1 Most critical Manaizement Tasks 
MANAGEMENT MANAGEMENTTASKS 
FUNCTION 
Estimating 1. Taking quotations (rates and prices) from suppliers. 
2. Taking quotatio2s from S/C or pricing prime costs. 
Purchasing 3. Identification of material requirements to purchase or order from H/O. 
4. Preparation of resource schedules for ordering purpose. 
5. Reviewing the material quotations and potential suppliers. 
6. Placing the orders for resources. 
7. Purchasing or hiring/leasing plant and equipment. 
8. Making arrangements with S/C for their work (time, work, amount). 
Planning 9. Identification of tasks and planning of construction methods. 
10. Compilation of a time-based programme for work. 
11. Incorporating the off-site mitnufacture items, special resources etc. 
12. Incorporating preliminaries in the programme. 
13. Incorporating the procurement of (hired-in) plant in the programme. 
Site Management 14. Assessment and allocation of material for works. 
15., 4ssessment and, allocation of plant for works. 
16. Assessment and allocation of labour for works. 
17. Monitoring and recording actual use of resources and S/C work. 
Quantity Surveying/ 18. Preparation of interim valuations for completed work. 
Financial Control 19. Preparing and monitoring cash flow. 
20. Accommodating variations to the works. 
. 
21. Preparation of the final bill. 
5.4.2 Data Interpretation 
After collecting the data on use and extent of use, marks were allocated to transfer the 
data to numeric values. Each 'YES' was given 10 marks, and the extent of use was 
calculated using the equation; 
Extent = 10 x Percentage of use Eq. 5.1 
A two-way table as illustrated in Table 5.2 was prepared to summarize the data for each 
case study. Totals for each task were calculated by adding vertically the marks given for 
each information package. The maximum possible marks (Use) for any task was 110. 
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EXTENT OF USE OF B. O. Q. 
Contractor No: ............ Task ................................................. ..................................... 
Information/Data Use % Extent Mark Remarks 
1. Times/ Durations 
2. Preliminaries 
3. Material Specifications 
4. Work Descriptions 
5. Working Methods 
6. Quantities 
7. Quantity Units 
8. Unit Rates 
9. Provisional Sums 
10. Prime Cost Sums 
11. Temporary Works 
TOTAL 
Figure 5.1 Data collection sheet used in 5.4.1 
Table 5.2 Example of a two-way table prepared in 5.4.2 (Case study 6) 
EXTENT OF USE - TWO-WAY TABLE 
TAS NO. 2 3.4.5 ETC. TOrAL 
INFOR. N USE EXTIM USE EXTENr USE EXTENT 
10 5.5 0.0 40 23.5 
2 --- 0.0 ''. 0.0 90 79.0 
3 10 7.5 0.0 70 35.5 
4 --- 0.0 10 8.0 -100 42.0 
5 -- 0.0 10 9.0 90 49.0 
6 10 7.5 --- 0.0 140 91.0 
7 10 6.0 0.0 130 78.5 
8 10 3.0 --- 0.0 130 70.0 
9 0.0 10 2.0 110 36.0 
10 0.0 10 3.0 80 31.5 
II --- 1 0.0 10 10.0 120 86.0, 
TOTAL 50 29.5 50 32.0 
AVERAGE 
EXTENT 
59.0 64.0 ETC. 
Average Percentage extent of use of estimate for the case study 6= (59.0 + 64.0 . ...... )/20 = 56.6 
122 
The average extent for each task was calculated as a percentage using the equation: 
Total Extent 
Average Percentage Extent = Total Use x 
100 Eq. 5.2 
The average percentage extent of use of estimate for a particular case study could be 
calculated as illustrated in Table 5.2, using the equation: 
21 
I% 
extent of task i 
Average'perc'entage extent of use ý,, i=l I. P 
of estimate for the case study - Number of tasks 
Eq. 5.3 
Only the tasks which use the estimate, (at least one information package) should be 
included in calculating this average. Totals for each information package were calculated 
by adding horizontally the 'Use' and 'Extent' for 21 tasks. The maximum possible 
marks (Use) for any information package was 210. The differences in 'Use' and 
'Extent of Use' (ie, re-work) of each information package were calculated by 
subtracting the 'Extent' totals from 'Use' totals. Results of the two-way tables are 
surnmarised in Appendix B to the thesis. 
5.5 USE AND EXTENT OF USE OF ESTIMATE 
Results of two-way tables for each contractor organization prepared in Section 5.4.2 
showed a poor extent of use of estimate over the tasks as illustrated in Appendix B 
Table (a)s. To observe the situation more clearly, graphs (histograms) were drawn 
using the Ist, 2nd and 3rd columns of Table (a)s in the Appendix B. These graphs are 
illustrated in Figures 5.2,5.3,5.4,5.5,5.6,5.7,5.8 and 5.9. The differences between 
the 'Use' and 'Extent of Use' columns of the graphs are the re-work and repetition 
involved in the use of estimate for the tasks. From the graphs it is clear that, although 
the contractors widely use the estimate for their management tasks, the full potential is 
not obtained throughout the contract. 
The averages calculated in Section 5.4.2 were extracted from Appendix B (b)s to a 
summary table (Table 5.3), and the mean value of the extent of use of estimate for the 
industry was calculated. It was found that the average extent of use of estimate in the 
industry is just above 50%. 
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Figure 5.9 Use and Extent of use of estimate for tasks -Case Study 10- 
Table 5.3 Summarv table of avera2e extent of use of estimate 
CASESTUDY 1 3 4 5 6 7 8 10 I MEAN 
AVERAGE 70.0 137.1 141.1 153.5 1 56.6 147.2 -- 1-47.7 47.5 I 50.1 
Therefore this study confirmed Chapter 4 statement that the estimate was ineffectively 
used for management tasks. Xlso, this revealed that the current need is to improve'the 
extent of use of the estimate, but not just to improve the use of estimate for post-tender 
works. 
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5.6 USE AND EXTENT OF USE OF INFORMATION PACKAGES 
Results of two-way. tables for each contractor organization prepared in Section 5.4.2 
showed a poor extent of use of information packages throughout the period of contract 
as illustrated in. Appendix B Table (c)s. As in Section 5.5, graphs were drawn for better 
illustration using the Ist, 2nd and 3rd columns of Table (c)s in Appendix B. These 
graphs are presented in Figures 5.10,5.11,5.12,5.13,5.14,5.15,5.16,5.17. The 
differences between 
-the, 
'Use' and 'Extent of Use' columns of the graphs are the re- 
work and repetition involved in the use of each information package throughout the 
contract. 
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The differences in 'Use' and'Extent of Use' of each information package calculated in 
Section 5.4.2 were extracted from Appendix B and presented in Table 5.4 along with 
average values. These average values represent the amount of re-work involved in each 
information package, hence the improvements required for each information package. 
Ibis is graphically presented in Figure 5.18. 
Tahle 5.4 Summarv table of re-work involved in information oackaoes 
Infor. Pack. Casel Case3 Case4 Case5 Case6 Case7 Case8 CaselO Average 
1 27.0 21.0 15.0 123.0 16.5 50.5 12.5 14.0 34.9 
2 30.0 20.0 17.0 91.0 11.0 5.0 19.0 20.0 26.6 
3 17.0 58.0 40.0 84.0 34.5 15.0 31.0 '35.0 39.3 
4 24.0 75.0 61.0 89.0 58.0 12.0 57.0 68.0 55.5 
5 27.0 67.0 72.0 81.5 41.0 26.0 52.0 55.0 52.7 
6 39.0 123.0 105.0 55.0 49.0 113.5 86.5 103.0 84.3 
7 30.0 129.0 112.0 46.0 51.5 81.5 88.5 106.0 80.6 
8 13.5 111.0 106.0 57.0 60.6 44.5 82.5 86.0 70.1 
9' 7.0 16.0 20.0 10.0 74.0 4.0 * 11.0 28.0 21.3 
10 11.0 34.0 28.0 10.0 48.5 9.0 16.0 33.0 23.7 
11 1 12.0 1 24.0 1 26.0 1 52.0 1 34.0 1 9.0 1 16.0 1 27.0 1 25.0_j 
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Figure-5.18 Improvements required in information packages 
Attempts to improve the extent of use of all of the information packages would not be 
feasible in the limited time allocated in this research. After all, improvements needed in 
most of the information packages are very low when compared to the total possible use 
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=210) of each of them. Therefore, , 
in this research, only the information packages 
which require improvements of at least one third of the total possible use (1/3 x 210 = 
70) were considered as worthwhile to investigate. From Figure 5.18, it can be clearly 
seen that, only the information packages 6,7 and 8 (quantities, quantity units and unit 
rates) are fallen to this category. Therefore, it can be concluded that the crucial areas 
where the attention is required are the 'quantities', 'quantity units' and 'unit rates' in the 
estimate. 
5.7 SUMMARY 
The current 
' 
use and extent of use of the estimate for post-tender work in the 
construction industry was explained in this chapter. It was essential to study the use and 
extent of use of the estimate for post-tender work to reveal the problem and establish the 
areas (in the estimate) which need urgent attention. This Study was an extension of the 
case studies carried out in Chapter 4. However, only 8 case studies out of 10 explained 
in Chapter 4 have been selected for this detail analysis because of the inappropriateness 
of the other two case studies. 
Past proposals explained in Chapter 2 had the objective of deriving better post-tender 
use from. the B. O. Q. Apart from these proposals, there had been many other concepts 
and research work on post-tender use of estimate over the past three decades. Some of 
the important work were briefly explained in this chapter for information. Skinner's 
(1979) results had revealed that although the existing bills of quantities make a 
substantial contribution to the post-tender work, they are not ideally suited, either in 
format or content to the 
' 
needs of 
-tendering 
or production. The EPC of the CIOB had 
, 
formulated two working parties in 1982/83 (Clay 1983) and 1986/87 (Pasquire and 
MýCaffer 1988) to. investigate the possible post-tender use of estimating data and to 
recommend a Code of Practice. Clay (1983) had carried out a parallel research work 
with the CIOB and concluded that there was significant post-tender use of estimating 
data. However, he could not identify the problem, hence recommended further studies. 
Unfortunately, any published material of working parties of the EPC of the CIOB could 
not be traced to observe their findings. 
In the study explained in this chapter, information in the estimate were grouped to 11 
major information packages. Management tasks identified in Chapter 4 were grouped to 
21 most critical tasks (Table 5.1) to represent the contractor's post-tender work. The 
use and extent of use of the information packages for these tasks were observed for 
each case study, and surnmarised in Table (a) of Appendix B. Graphs were prepared 
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(Figures 5.2 - 5.9) for better illustration of theýfindings. From the graphs it was 
observed that, although the contractors widely use the estimate for post-tender work, 
the full potential is not being achieved throughout the contract. Average extent of use of 
estimate for post-tender work in the industry was found to be 50%. 
The use, extent of use, and re-work involved in each information package throughout 
the contract were'summarised in Table (c)s of Appendix B. Again, graphs were 
prepared (Figures 5.10 - 5.17) for better illustration.. From these graphs it was evident 
that substantial re-work are been involved in the use of the information packages 
throughout the contract. The improvements needed in each information package were 
presented graphically in Figure 5.18. It was observed that the improvements required in 
most of the information packages are very low when compared to the total possible use, 
and only the improvements of information packages 'quantities', 'quantity units' and 
tunit rates' are worthwhile on investigating. Therefore, it could be concluded that those 
are the areas. which need urgent attention to improve the use of measured data in 
contractor organizations. 
In Chapter 4, it was identified that measured data prepared at the estimating function 
have been ineffectively used for the other management tasks. It was also established 
that the improper format and presentation of the estimatingdata is the main reason for 
such inefficiency. The work carried out in this chapter confirmed this hypothesis and 
revealed that extent of use of estimate for post-tender work as just 50%. Also this work 
showed the areas which should be improved to achieve better , 
use of the measured data. 
However, it should be noted that it is the 'extent of use' not just the 'use' of the 
estimating data should be improved to reducethe re-work involved in the use of 
estimate. therefore, better formats and presentation's to the existing estimating data 
specifically for 'quantities', 'quantity units' and 'unit rates' should be investigated. 
Proposals formulated in this research to achieve this qbJ ective are explained in Chapter 
6. 
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Chapter, 6 
PROPOSALS 
6.1 INTRODUCTION 
6.2 CLASSIFICATION AND CODING TO 
BUILDING DATA -A GUIDE - 
6.3 USE OF LIBRARIES 
6.4 CONTRACTOR'S COPY OF THE ESTIMAiE 
6.5 EFFECTIVE USE OF THE COMPUTER 
6.6 SUMMARY 
6.1 INTRODUCTION. 
Chapters 4 and 5 explained the problem of inefficient post-tender use of estimating data 
in contractor organizations. It was established that the current forinat and presentation 
of estimating data creates complexities and substantial re-work of the contractor's 
management tasks. The extent of use of estimate for post-tender work was found to be 
just above 50%. It was also revealed that, 'quantities'. 'quantity units' and 'unit rates' 
are the areas which need urgent attention to improve the extent of use of the estimate for 
post-tender work. Therefore, proposals were formulated in this research to achieve 
better formats and, presentations to the existing estimating data, specifically for 
'quantities', 'quantity units' and 'unit rates'. This chapter explains these proposals. 
Chapter 2 reviewed the past work on format and presentation of estimating data and 
concluded that the best strategy is to improve the extent of use of the conventional 
B. O. Q. rather than proposing alternatives. Therefore, in this research, a new format for 
the* contractor's presentation of the bill which confirms the conventional practice is 
proposed to improve the extent of use of the estimate. This new approach, along with. 
the supporting sub-proposals is explained in this chapter. 
Chapter 2 also reviewed the classification and coding systems available for building 
data and concluded that any of the existing systems could not totally satisfy the 
requirements. However, from the case studies carried out in Chapter 4, it was found 
that introduction of a new system would not reduce the complexity but would create 
more complexities. Therefore, it was recommended to adapt and modify the system 
which is more related to the organization for the development of classification and 
coding system to meet the objectives and requirements in this research. The developed 
method in this research to support the above mentioned new approach is also explained 
in this chapter. 
In Chapter 3, a detailed study was carried out on the available CAE systems and their 
capabilities. It was found that most of the available software are capable of carrying out 
the operations required in this research. Therefore, it was decided to use an available 
system rather than developing something new. However, it was found that most of the 
users do not effectively use the available systems, hence find difficulties with 
voluminous libraries. Effective, methods of using estimating software for pricing 
purposes are also discussed in this chapter. 
iI 
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6.2 CLASSIFICATION AND CODING TO BUILDING DATA 
-A GUIDE - 
After studying ten case studies in the Sri Lankan building industry, the following 
classification and coding of the building data was developed. It was tried in two test 
projects, and the suggestions and criticisms from the industry were included in the final 
approach. The final approach, which is just a guide line with no rigid rules, is described 
here. The method was used in a live project to observe the response from the users. 
Feed back received on the fulfilment of the objectives described in Chapter 2.3.4 were 
found as satisfactory. 
Although the method was developed in Sri Lanka to suit its industry, this can be used in 
U. K. as well, because of the similalities of procedures. After all, the idea behind this 
approach has already been identified by CAWS (Co-ordinated Project Information 
1987a), which was a recommendation of the Committee for Co-ordinated Project 
Information. The Committee for Co-ordinated Project Information (CCPI) was initiated 
in 1979; to extend, clarify and simplify the national (U. K. ) conventions used in 
con-ununication between designers and contractors. According to Alex Gorden, the 
chairman of CCPI, the work of CCPI represents a unique working together of builders, 
architects, quantity surveyors, structural and services engineers over a period of over 
six years(Co-ordinated Project Information 1987a). Therefore, an 'recommenda on by. y 
CCPI, obviously would represent the need in the industry. 
Building data are first classified into Build-up, Resources and Bill items. All the 
information are stored under these categories. 
6.2.1 Build-ups 
A clear classification should be developed for work sections undertaken by the 
organization. It is carried out according to the way the organization measure and carry 
out the works. For example one may classify the work according to D. o. T. (Department 
of Transport 1978) but another may classify the same according to S MM7(Royal 
Institute of Chartered Surveyors 1988a). Some times, a system unique to the 
organization itself, depending on their sub-letting arrangements, may. be preferred to all 
such systems. The idea is to derive a classification system familiar to the organization. 
In the method described here, the work is classified according to the Building Schedule 
of Rates-BSR- (Technical Committee 1988), a publication of Ministry of Local 
Government, Housing and Construction in Sri Lanka. It was observed that most of the 
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contractors follow the BSR for measuring, pricing and sub-letting the work; hence this, 
is considered to be most suitable for classification. 
Table 6.1 illustrates the major classification derived from the BSR. However, if the 
contractor decides to follow the SMM7, a similar approach can be followed as given in 
Table 6.2. Some of the detailed descriptions on classification according to BSR are 
illustrated in Tables 6.3 and 6.4. Similar tables can be derived for SMM7. 
As seen in Table 6.4, build-ups are classified up to four levels with symbols allocated 
to each level to form the code. The first level, as illustrated in Table 6.1, is given one 
character using alphabetical order. 'The second level has two numerical digits. All the 
digits are unique and represent a work section. The third level is also given two 
characters, but using alphabetical letters. Some form of identification to the item is 
included in the third level by using the characters appear in the descriptions. 'Me fourth 
level is to break the element to its detailed work sections. One numeric digit is given 
here with zero as the general item. ' To differentiate the direct work from sub-contract 
work the first character of the composite code is given 1 for the direct work and 2 for 
the sub-contract work. The' identification of the code with respect to each level is 
illustrated in Figure 6.1. 
Table 6.1 MaJor classification of works accordin2 to BSR 
A- Basic 
B- Excavating/Back filling 
C- Concreting 
D- Brick Laying 
E- Masonry 
F- Paving 
G- Roofing 
H- Thatching 
J- Carpentry/Joinery 
K- Iron Mongering 
L- Brass Foundry 
M- Plastering 
N- Tinkering 
P- Glazing 
Q- Painting/Decorating 
R- Plumbing 
S- Drain Laying 
T- Miscellaneous 
U- Demolidon 
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Table 6.2 Major classification of works according to SMM7 
A- Preliminaries/General Conditions 
B- Complete Buildings 
C- Demolition/Alteratiorx/Renovation 
D- Ground work 
E- In situ concrete/Large precast concrete 
F- Masonry 
G- Structural/Carcassing metal/Timber 
H- Cladding/Covering 
J- Water proofing 
K- Linings/Shating/Dry partitioning 
L- Windows/Doors/Stairs 
M- Surfaces finishes 
N- Furniture/Equipment 
P- Building fabric sundries 
Q- Paving/Planting/Fencing/SiteFumiture 
R- Disposal systems 
S- Piped supply systems 
T- Mechanical heating/Cooling/_ 
Refrigeration systems 
U- Ventilation/Air conditioning systems 
V- Electrical supply/Power/Lighting 
W- Communicatiorx/Security/Control 
X- Transport systems 
Y- Mechanical and Electrical services 
measurement 
Table 6.3 Classification of concrete work accordint! to BSR 
LEVEL 1 LEVEL2 LEVEL3 LEVEL4 
C- Concrete General (00) General (GG) Specification clauses 
(1-9) 
------------------------ -------------------------- 
In situ (02) 
-------------------------- 
General (GG) 
- 
Slabs (SL) 
Beams (BM) Refer Table 6.4 
Coluipns (CL) 
-------------------------- 
Footings. (FT) 
------------------ ; ------ 
Form work (03) 
- 
As above 02 
-------------------------- 
Reinforce (04) 
--- 
------------------------- 
As above 02 
--------------- ----------------------- 
Precast (09) 
----- 
---------- 
As above 02 
--------- -- --------------------- 
Pre stress (10) 
- ------------- 
As above 02 
-------------------------- 
Post Tension (11) 
--------------------- 
As above 02 
-------------------------- 
et 
------------------------- 
etc. 
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Tnhip 6-4 Classification of In situ concrete work accordinLy to BSR 
LEVEL2 LEVEL3 LEVEL4 Composite Code 
C02 In situ General (GG) 0. General lC026GO 
1. Mix type 1: 3: 6(1") lC02GG1 
2. Mix type 1: 2: 4(3/4") lC02GG2 
etc. etc 
----------------- 
Slabs (SL) 
--------- 7 -------------------- --------------- 
0. General 
--------- - ----------- 
lC02SLO 
1. Thickness =< 100mm lst floor lC02SL1 
2. Thickness 100-300mm lst floor. 
- 
lC02SL2 
etc. etc. 
----------------- 
Beam (BM) 
--------------------------------------------- 
0. General_ 
--------------------- 
IC02BMO 
1. l50xl5O mm lst floor lC02BM1 
2.150x225 mm -do- lC02BM2 
3.225x225 mm -do- lCO2BM3 
etc. etc. 
----------------- 
Column (CL) 
--------------------------------------------- 
0. General 
---------------------- 
IC02CLO 
1. lOOxl5O mm Ist floor lC02CL1 
2. l5Oxl5O mm -do- IC02CL2 
etc. etc. 
----------------- 
Footing (FT) 
----------------------------------- - ---- - -- 
0. General 
-- - ------------------ 
lC02FTO 
1. Screed < 50mm lC02FT1 
2. Screed 50-100mm IC02FT2 
etc. etc. 
Composite code is the 
, 
full detailed code for all the four levels. ' If direct lab6ur is used the digit 'I" is 
used as the first character. If sub-contracting the work. the digit "2" is used as the first character. 
Details are broken down only up to the fourth level. Any details beyond that are 
generalized to the most usual case and included in the fourth level. It was found from 
case studies and test projects that the usual practice is to have general items in the 
I ibrary, and then to modify and build-up the detailed one at tender pricing. For example, 
the item given in Figure 6.1,, IC02SL3, is a general slab item which has a thickness 
greater than 300mm, and is priced in the library considering: 
1 st floor level 
mix 1: 2: 4(3/4") 
mixer type -Open drum -Type I- 
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" Reinforced (measured separately), and 
" Placing using manual methods. 
The Estimator, when pricing the tender, uses the code to obtain the general information, 
and then includes the specific requirements, considering the full details. The other 
management functions need only to recognize the general item. The procedure in using 
the general codes for tender pricing is described in detail in sections 6.5 and 7.2. 
If a particular company considers; 6 floor levels, 5 types of mixes, 4 types of. mixing 
methods, 3 types of reinforcing arrangements and 4 types of placing methods; then for 
a normal slab which has a thickness greater than 300mm, if not generalized, their 
library, would 
' 
include 1440 (=6x5x4x3x4) items with a different code for each of 
them. This would obviously be impracticable and laborious for the user who is going to 
use the codes and the library. However, it should be noted that the given method with 
four levels of detail is only a guide-line which had been successfully adopted in some 
organizations, butmay not be suitable for some organizations who can cater for more 
level of detail. 'Me idea here is to have general items which suit the capacity of the 
organization and the users. 
11, 
1 st Level 
ic 
Concrete work 
-direct- 
2 nd Level 
1 C02 
In situ Concrete work 
-direct- 
L 3 
3 rd Level 
1 C02SL 
Slabs in In situ Concrete work -direct- 
4 th Level 
1C02SL3 
Slabs Thickness>300mm in 
In. situ Concrete work -direct- 
Ex : lC02SL3 
Figure 6.1 Identification of Build-up code 
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6.2.2 Resources -; II.,, " 
Resources are broadly categorized into material (products), labour and plant. Ilese are 
identified, measured and used different to each other, hence classified and coded in a 
different way. ' ,, T, - .- 
6.2.2.1 Materials 
In the past, it had been considered impossible and impracticable (Farrar and Malthouse 
1969, Baldwin and McCaffer 1984) to classify and code the materials because of its 
varying nature of properties. From the case studies it was found that identification and 
use of materials are directly connected to the work sections. For example rebars are 
used in concrete work and can be included as concrete materials. This was confirmed 
by the classification method adopted by Royal Institute of British Architects (1989), 
where they had used C1/SfB work sections to classify the products. Therefore, the 
same classification method used in Build-ups (Table 6.1) is used for the 1st level of 
, materials as well. However, 
difficulties may arise Where some materials are used for 
more than one section (eg: Cement is used for Concrete, Brick work, Masonry etc. ). To 
overcome this, those common materials are included in the section BASIC 
The second level is used to classify materials within the work sections. This also is the 
same classification as for Build-ups (eg: Table 6.3) but with reference to material, not 
according to the works. For example, there is no material section as'In situ' within the 
concrete work because of the classification of material used for that work section is 
classified into other specific sections such as formwork, basic and reinforcement. 
The third level is to classify different properties within the material section. The most 
used properties are considered here. An example is illustrated in Table 6.5. 
The fourth level is used to include identification tags. This level is also used to include 
ýifferent 
categories for same properties, if there is any. The example given in Table 6.5 
demonstrates the method of developing the levels. 
Symbols are allocated for each level considering the cross references to work sections 
in Build-ups. This was found to be important since developing build-ups and pricing 
bill items depends upon the sýlection of corresponding materials. Therefore, first and 
second levels are given the same symbols used in build-ups to fulfil this requirement 
(eg; Reinforcement - C04). Third level is given one character using alphabetic letters, 
thus 24 options. The fourth level is the identification tag, hence alphabetical letters are 
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allocatedusing the characters, appear in the descriptions. To differentiate materials with 
other resources, letter V is given as the first character to the code. Identification of the 
code with respect to each level is illustrated in Figure 6.2. 
Table 6.5 Classification, of Material - R/F work 
LEVEL 2 LEVEL3 LEVEL4 ite Code 
C04 R/F- 6 mm (A) Mild Steel (ML) MC04AML 
Tor Steel (TR) MC04ATR 
-------------------- 
10 nim (B) 
---------------------------- -- 
Mild Steel (ML) 
-------------------------- 
MC04BML 
Tor Steel (TR) MC04BTR 
I -------------------- 
12mm (C) 
--------------------------- --- 
MildSteel (ML) 
-------- ------- ---- - ---- 
MC04CNIL 
Tor Steel (TR) MC04CrR 
--------------------- 
14mm (D) 
------------------------------ 
MildSteel (ML) 
-------------------------- 
MC04DML 
etc. etc. etc. .-I Composite code is the IUII detailed Code tor all the four levels. Letter 'M' is used as the tirst cluiracter to 
identify materials. 
m 
Material 
1 st Level 
MO 
concrete, 
Material -4--j- 
2 nd Level 
MC04 
R/F bars in Concrete 
3 rd Level 
MC04D 
14mm R/F in Concrete 
4 th Level 
MC04DTR 
14mm Tor*steel in Concrete., *- 
Ex: MC04DTR 
Figure 6.2 Identification of Material code 
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6.2.2.2 ljab6ý 
Labour is identified by the trade (eg: bricklayer, plumber etc. ). Therefore it was found 
desirable to classify the 1 st level of the labour also according to the works as in Build- 
ups and Materials (Table 6.1). However, labour may be identified by general categories 
of workers as un-skilled, semi-skilled and skilled. Some organizations may prefer to 
classify labour according to those sections (eg: Brick layer as skilled). Therefore, the 
section'BASIC is allocated for such purposes as illustrated in Table 6.6. 
Level two of the labour is classified according to the same work sections considered in 
the level two of build-ups (Table 6.3). However, some of the categories considered in 
build-ups may not appear in labour because of there is no such identification in practice. 
For example, there will not be a section for'In situ concrete! because, the term'In situ 
concrete labour' is not used in practice. These * 
labour are classified in other sections 
such as general, formwork and r/f. However, the allocation of symbols are similar to 
build-ups-tO have the cross-references. (eg: R/F- C04) 
The third level is used to specify the particular labour, and then to include the 
identification tag as illustrated in Table 6.7. Three characters are used at this level, with 
the first being an alphabetic to differentiate the category. The other two are alphabetics 
or numerics with some reference to characters in descriptions (ex: Brick Layer- BL, 
Gang 1: 4 -14). To differentiate labour from other resources, letter'U is included as the 
first character to the code. Since more detail would complicate the management, only 
three levels were considered as most practicable in the labour code. Identification of the 
code with respect to each level is illustrated in Figure 6.3. 
Table 6.6 Classification of Labour as 2eneral 
LEVEL 1 LEVEL2 LEVEL3 Composite code* 
A- Basic General (00) A- Un-skilled (US) LAOOAUS 
B- Seini-skilled (SS) LAOOBSS 
C- Skilled (SK) LAOOCSK 
------------------- 7 --------------------- 
D- Gang 1: 2 (12) 
---------------------- 
LAOOD12 
E- Gang 1: 3 (13) LAOOE13 
F- Gang 1: 4 (14) LAOOF14 
etc. I etc. 
Composite code is the full detailed code for all the four levels. Letter V is used as the Ist character to 
identify labour. 
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Table 6.7 Classification of - labour for Concrete work 
LEVEL 1 LEVEL 2 LEVEL3 Composite code 
C- Concrete Formwork(03) B- Semi-sIdHed (SS) LC03BSS 
C- General Carpenter (CP) LC03CCP 
D- Gang 1: 2 (12) LC03DI2 
E- Gang 1: 3 (13) LC03El3 
F- Gang 1: 4 (14) LCOP14 
etc. etc. 
------------------- 
R/F (04) 
-------------- ----- --------------- - -- - 
B- Semi-sIdUed (SS) 
----------------- - -- 
LC04BSS 
C- General Barbender (BB) LC04CBB 
D- Gang 1: 2 (12) LC04D12 
E- Gang 1: 3 (13) LC04E13' 
F- Gang 1: 4 -(14) LC04F14 
I- L I 'etc. etc, ý-I 
LCC 
Labour 
1 st Level 
LC 
Concrete Labour 
2 nd Level 
LC04 
R/F Labour in Concrete 
3 rd 'level 
LC04CBB -- 
Barbender for Of in concrete work 
Ex: LC04CBB 
Figure 6.3 Identification of Labour code 
However, for some organizations, this three level method would result one person to be 
classified and coded in different ways creating complexity. For example, a carpenter 
classified and coded using 'LC03 CCP' in formwork section, may be again coded using 
LG01CCP for timber roof work. Therefore this type of method is suitable only for 
organizations which have different labour and craftsmen for different work sections. 
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For organizations, which use general labour and craftsmen for different type of works, 
Ae use of BASIC code (Table 6.6) is recommended. They may improve the basic6odi' 
for' different categories of labour according to the trade name (eg: Carpenter- 
, 
LAOOQCP). Therefore, the selection of the method, directly depends on the way the 
organization employ the labour for work sections. Also, it depends on the ability of the 
organization to manage different levels of the code. 
6.2.2.3 Plant 
It was observed in case studies that the identification and management of plant was not 
according to the work but according to the type of equipment. This is because of the 
; varying nature of the use of plant in construction projects. For example, a tower crane 
is used for works such as lifting concrete (concrete work), lifting purlings (roof work), 
'lifting bricks (brick work) etc., with some idle time in between the works. If classified 
according to the work, this idle time cannot be accounted for. Therefore, plant are 
treated as subsidiary to all the works, and managed independentally from the works (eg: 
j project over-heads or company over-heads). However, all the plant should be classified 
according to the ownership to monitor the differenr categories such as hired, rented, 
own etc. Therefore, the 1 st level of plant classification is the ownership as illustrated in 
the Table 6.8. Symbols are given using an alphabetical letter related to the description. 
Table 6.8 Classification of Plant 
LEVELI. LEVEL2 
Hire (Hourly) H Mixer 
Crane 
Dumper 
Loader 
etc. 
(01) 
(02) 
(03) 
(04) 
Own (Company) C As above 
Own (Project) P As above 
Rent R As above 
Lease L As above 
Hire (Weekly) w As above 
The second level of the classification is the category of the equipment (Table 6.8). In 
practice, all the data are collected and managed under these sections, hence classification 
to su 
' 
ch sections considered as most practicable. Two numerical digits are given to 
identify the categories. 
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Tahle 6.9 Classirication of Plant to cateLyories 
LEVEL 1 LEVEL2 LEVEL3 Composite Code* 
Hire (Hourly) H Nfixer (0 1) A -Open drum-Typel (MX) PHOIAMX 
B -Open drum-Type2 (MX) PHOIBMX 
C -Closed drum-Type 1 (MX) PHOICMX 
etc. etc. 
--------------- 
Crane (02) 
---------------------------------------- 
A -Tower-Type I (CR) 
----------------------- 
PH02ACR 
B -Tower-Type2 (CR) PH02BCR 
etc. etc. 
-------------------------------------- 
G -Crawler-Type I (CR) 
----------------------- 
PH02GCR 
H -Crawler-Type2 (CR) PH02HCR 
etc. etc. 
-------------------------------------- 
L -Mobile-Typel (CR) 
----------------------- 
PH02LCR 
M -Mobile-Type2 (CR) PH02MCR 
etc. etc. 
Composite code is the full detailed code for all the four levels. Letter 7 is used as the Is' character to 
identify plant. 
The third level is used to specify the particular equipment and'then to include the 
identification tag. This is illustrated in Table 6.9. Direct identification was considered 
only up to the category of the equipment. For example, all the mixers are given the 
identification tag'MX', whether it is being an open drum 7/5 or a closed drum 7/5 type. 
To differentiate plant from other resources, the letter? is included as the first character 
to the code. Identification of the code with respect to each level is illustrated in Figure 
6.4. 
If work sections are preferred to the ownership classification method, then the plant can 
be classified according to Table 6.1, the only difference being the 2nd character. 
Therefore, instead of having the symbol for ownership, the code for work section 
(Table 6.1) is included in the 2nd character. For example, the code in Figure 6.4 for 
crane would be: PC02ACR. The identification of this type of code is illustrated in 
Figure 6.5. However, this would result in complexity in data management, where one 
piece of plant is identified bj different codes. Therefore, only if the organization can 
understand the complexity and overcome the problem, or employ different plant to 
different works, would this classification to work sections be recommended. 
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p 
Plant 
1 st Level 
PH 
Hired Plant 
nd Level 
PH02 
Hired Cranes 
3 rd Level 
PH02ACR 
Typel Tower Cranes (hired) 
Ex: PH02ACR I 
Figure 6.4 Identification of Plant code 
'0 .'2 
Plant 
1 st Level 
PC 
Plant for Concrete 
2 nd 
Cevjel 
PC02 
Cranes for. Concrete 
3 rd Level 
PC02ACR 
Typel Tower Cranes for Concrete 
1 Ex: PC02ACR I 
Figure 6.5 Identification of Plant code classified to work sections 
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6.2.3 Bill Items 
The major requirement of the bill item code was considered as the cross reference 
facility to the bill given by the client or consultant. Therefore, the reference in the 
client! s bill given to the particular item for section, page number and item number in the 
page should be given priority. The code totally depends on the way the client has 
classified the items in the bill. An example of such a code is E-005/021 where; 
E -Section in the bill (Concrete work) 
005 -Page number 
021 -Item number in the particular page 
The first character of the code, given to the section can also be used to have the 
sequence in the bill. 
However, it was also considered desirable to include the work section, as in build-ups, 
to the bill item code. 'Me first character of the above code would be similar 
' 
to both, 
-if 
the contractor classifies the work in the build-ups according to the same classification 
that the client classifies sections in the bill. If the contractor's work classification differs 
from the client's section classification, then it should be added to the above code. The 
work classification to the bill item can be included using any level in the build-up 
classification. The level of classification depends on the contractor's requirement of 
cross-references, identification, cost control etc; only up to the second level of work 
classification (refer Table 6.3) is considered as most practicable. The above bill item 
code could be modified to include the work section classification to the second level as 
E-005/021/CO2. This is illustrated in Figure 6.6. 
i 
If both the contractor's and the client's classification of work are similar, then the code 
would be; C02-005/021. Identification of this code is illustrated in Figure 6.7. If more 
detailed cross-referencing is required, then the above codes can be modified by 
including the third level of the build-ups. ex: C02SL-005/021 or E-005/021/CO2SL 
As Allott(1988) suggested, if the drawings and specifications also are classified using 
the same reference to work section (eg: C02), this type of bill item. classification would 
definitely improve the data management. Now the CAWS (Co-ordinated Project 
Information 1987a) has been introduced, it is time that all the parties of the construction 
industry to think and generalize the B. O. Q. s, Specifications and Drawings to have this 
type of standard classification and coding to the Building Data. 
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E 005 
Items in, 
Section E of 
the bill 
Items in 
Page 5 of 
Section E of the bill 
021 / 
Item 21 
in Page 5 of 
Section. E of the bill 
-4 
I Ex : E-005/021/CO2 
C02 
In situ 
Concrete 
Work 
L---Oo- 
Figure 6.6 Identification of Bill Item code 
C 02 005 021 
Items in 
Concrete 
work 
Items in 
In situ Concrete 
work 
Items 
in Page 5 of 
In situ Concrete work 
Item 21 
in Page 5 of 
In situ Concrete work 
I Ex : C02-005/021 
Figure 6.7 Identification of Bill Item code classified to client work 
section 
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6.2.4 Assessment against criteria ". C 
Classification and coding is to be carried out with careful consideration"of the criteria 
described in Section 2.3.3. However, fulfilment of all of the criteria may not be feasible 
because of their inter-dependencies. The proposed method in this research was 
developed in such a way that the system would include each criterion in the best 
possible manner. 
6.2.4.1 Unique and unambiguous identification 
Each element (resources, build-ups and bill items) is identified by a different code. This 
was achieved by adopting a methodical approach by defining levels and allocating 
different symbols. Materials common for more works are collected together in the 
section BASIC to have the uniqueness. However, careful consideration should be given 
to labour and plant, when detailed classification is required., 
6.2.4.2 Recognizability. 
It was found from case studies that some form of identification should be included in 
the codes, for easy reference. This would facilitate a better use of data for all the 
management functions. This has been achieved by including two characters (letters) of 
the description of the item to the code. eg: 'SU for SLabs, 'CT" for CemenT, 'CP' for 
CarPenter etc. 411 .7 
(a) Logical Sequencing Levels have been considered to have the logic and 
sequence which are related to the current preparation of 
B. O. Q. ' 
(b) Spaciousness It was found to be impracticable to have spaces or blanks 
in the Build-ups and Resources codes., because of their 
shorter length. Spaces and blanks are required to 
differentiate the levels and aid the identification. This was 
achieved by alternative allocation of numerical digits and 
alphabetical letters for different levels (eg: IC02SLI). 
For bill items, since a longer code length has been used, 
spaces and blanks were included, using dashes and 
slashes, eg: E-005/021/CO2. 
(c) Relevance Only the most important information was included in the 
code. Classification was divided to maximum of four 
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levels to include the most relevant information. The more 
the detail, the longer the code, resulting in ambiguities 
and complexities. It was found that four levels was the 
most practicable in data management by all the functions. 
(d) Cons istency Existing practice of organizations had been considered 
when classifying the work sections"and other levels. 
Therefore, consistency in 'the structure has been 
achieved. Levels have been so defined that a clear 
consistency can be observed throughout the code. By 
defining the character as numeric or alphabetic, 
consistency within the levels has also been achieved. 
(e) Grouping Grouping of items has been considered wherever 
possible. In fact, each level was defined using some sort 
of grouping such as work section, material section, type 
of plant etc. 
(f) Simplicity Simplicity is the most important requirement to have an 
efficient data management. It is very difficult to have 
simplicity, if all the other requirements expected of a 
code are considered. Therefore, a compromise between 
simplicity and technical requirements should be 
considered when defining levels. The given code with 
seven digits to build-ups and resources, and thirteen 
digits to bill items were found as practicable in test 
projects and in the live project. 
6.2.4.3 Level of detail 
A maximum of four levels was considered, with general items to describe the details. It 
was found that the use of general items were more practicable than the use of detailed 
levels. However, as explained in Section 2.3.3.3, the level of detail totally depends 
upon the requirement and the capability of the organization itself. - 
6.2.4.4 Length of the code 
Length of the code was fixed to seven digits for resources and build-ups, and thirteen 
digits for bill items. It was found from test projects and the live project that the given 
seven digit code for build-ups and resources were practicable. Some difficulties such as 
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data entry errors and identification errors were found in the Bill item code because of its 
length. However, compared to the detail given by the code, these disadvantages were 
considered as negligible. I 
6.2.4.5 ExpandabiliLy 
This has been considered and allocated successfully. Each level has been defined to 
cater for enough items that may come out under that section. The level of expandability 
of the Build-up code, detailed to each level is illustrated in Figure 6.8. Similar allocation 
has been considered for the other codes. ,, 
c 
1 st Level 1 x24 
2 nd Level 
1 OX1 0" 
Total lx24xlOxlO 
3 rd Level 
24x24 
Total lx24xlOxlOx24x24 
4 th Level 
10 
Total lx24xlOxlOx24x24xlO 
Ex :1 C02SL3 
3 
Figure 6.8 Expandability of the Build-up code 
6.2.4.6 Accommodation of dimensions 
Information on dimensions has been considered to some extent in this classification 
method. However, this could only be accomplished for items which have standard and 
established criteria on dimensions (eg: slab thickness). Some items may require several 
le vels to adequately describe the dimensions. For these type of items, the 
recommendation is to have general items with general codes. When the code is used, 
the general item can be updated or modified for a particular need. 
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6.2.4.7 Q2tion foi choices 
Additional levels could have been included in build-ups to allocate the different ways of 
pricing -each item depending on the method of construction. However, this would 
complicate the code and increase the number of items to be administered as explained in 
Section 6.2.1. Since the construction methods depend upon the construction strategies 
of the particular organization, the description to be included will vary from company to 
company. Therefore, these construction methods have not been considered in the 
classification method developed in this research. However, because of the simple 
presentation, editing of the structure of the classification is possible to allow the 
construction methods. 
6.2.4.8 Common arrangement 
Cross references were considered when classifying levels and allocating symbols. In 
this research, common arrangements for resources (material, plant and labour), build- 
ups and bill items have been tried out for test projects and the live project. From the 
feedbacks recorded, it was observed that the common arrangement would definitely 
reduce the re-work and repetition in data management. If all the parties; (client, 
consultant and the contractor) follow a similar work classification (eg: SMM7 or 
CAWS), then documents such as drawings, specifications, B. O. Q. etc. can be 
classified using a common arrangement. IThis 
would facilitate fast reference to building 
data resulting better data management. 
6.2.5 Summary to the classification and coding 
A method was developed as a guide-line to classify and code the building data. Build- 
ups were classified to four levels using seven characters to the code, each level 
representing some form of classification and identification. Hence grouping can be 
accommodated using the code to specific level (eg: In situ concrete work lC02). It was 
found from case studies and live projects that the usual practice is to have general items 
in the library, and then to modify and build up the detailed one at the tender pricing. 
However, this may not be suitable for some organizations who can cater for more lev P,. 1 
of details. The argument is to have general items which suit. the capacity of the 
organization and the users. 
Materials also were classified into four levels, with seven characters to the code. Here 
also, groupings can be accommodated using the code to specific levels (ex: MC04 - 
reinforcement bars in concrete). Cross references to build-ups have been considered 
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when classifying and allocating the code to each level. The principal theory is to follow 
the same classification procedure as for build-ups. 
Labour were classified only, up to, three levels. However, the same length (seven 
characters) have been considered to maintain the consistency. Again, the same work 
classification as in build-ups was followed. However, for some organizations, this 
method may result one person classifying and coding in different ways. Therefore, this 
type of method is only suitable for organizations which have different workmen for 
different works. For the others, the use of BASIC code (Table 6.6) is recommended to 
start with. They can improve the basic code for their particular requirements. The 
selection of method depends upon the way the organization employs the labour, and if s 
ability to, manage different levels of the code. IIIIIýII 
Plant also were classified to three levels with seven characters to the code. It was 
observed in the case studies that the identification and managementof plant was not 
according to the work, but according to the, type of, the equipment.. If classified 
according to, the work, the idle time. cannot be directly identified. Therefore, it is 
recommended to consider plant as a subsidiary. However, plant were classified 
according to the ownership'to monitor the data on 
' 
different categories (eg: hire, lease, 
rent etc. ). Classification according to the work section was also given, and 
recommended only for large organizations who can cater for such detail classification. - 
The major requirement of the bill item code hasbeen considered as the cross reference 
to the client's or consultant's bill. Therefore, bill section, page number and the item 
number were included. in the code. Dashes and slashes were used to separate the above 
for easy identification. Work classification also was included to secure cross references 
to build-ups and work. If the client, consultant and the contractor follow the same work 
classification (eg: SMM7 or CAWS) then the bill item code can be. shorten by allocating 
work section as the client's bill section. This was illustrated in Figure 6.7. 
All the criteria explained in Section 2.3.3 have been considered in developing the given 
method. The described method, recommended as a guide-line, has attempted to satisfy 
all the criteria and the requirements in the best possible manner. From the test projects it 
was found that it is feasible to classify and code the building data in accordance with the 
given method. Feed back from the live project indicated that the new approach would 
reduce the complexity of data management. More detail on test projects and the live 
project are included in Chapters 9 and 10 respectively. 
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6.3 USE OF LIBRARIES 
It was found during the case studies and test projects that substantial amounts of data 
relevant to prices, rates, performances, wastes etc. of resources and construction work 
should be collected by the estimator to price the bills. These data can be obtained from 
published work (eg: price books), suppliers, relevant management functions in the 
organization or may be assumed by the estimator himself. This process of data search 
could easily be , facilitated by maintaining an information/data . file, within. the 
organization. Therefore, libraries are recommended for. storing data on resources and 
build-ups- 
A well defined library system should be prepared for resources and build-ups, so that 
those could be directly used for tender pricing in contractor organizations. All the data 
regarding prices, rates, performances, uses, wastes etc. of the resources should be 
stored in these libraries. The classification and coding system explained in Section 6.2 
could be used to obtain an efficient and easy-to-use library, which would reduce the 
estimator's hard work on data gathering for projects. The best strategy would be to 
maintain a general 'company library', and prepare a 'contract library' for each project 
by extracting, updating and manipulating it. This process is illustrated in Figure 6.9. 
COMPANY LIBRARY 
Resource Library 
Material 
Labour 
Plant 
Resource Groups 
Sub-contract Prices 
Build-up Library 
Build-up 
Sub-contract Prices 
UPDATE 
extract 
check market 
observe pastwork 
manipulate 
check s/c ,., 
decide suppliers tlecide waste 
decide use 
decide transport 
decide performance 
decide methods 
add resources 
add build-ups 
CONTRACT LIBRARY 
Resource Library 
Material 
Labour 
Plant 
'Resource Groups 
Sub-contract. Prices 
Build-up Library 
Build-up 
Sub-contract Prices 
Figure 6.9 Library structure 
Th .e company library should be updated at regular intervals . using I the current market 
prices and rates. However, it is not advisable to update the company library whenever a 
project is priced. Only the contract libiary specific to that project should be updated and 
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modified. In fact, contractors' higher management suggest that only the chief estimator 
should have access to the company library while other estimators operate with their 
contract libraries. By this method, the independence of the company library could be 
preserved. The accumulation of items which are specific to particular contracts also 
could be avoided. However, the. facility to add new items to the company library 
through the chief estimator should be included. 
The adoption of these library facilities can provide substantial benefits to the estimator 
in the pricing of, bills. CAE software can assist the estimators to successfully operate 
this type of library system within their organizations. In fact, without a computer 
backing, attempts to introduce these library systems would be laborious and tedious. 
However, the benefits must be offset by the time and cost required to establish and 
maintain the library, together with the need to relate the items within the Bill of 
quantities document to the library data. 
6.3.1 Resource Library II-, 
The resource library contains material resources, labour resources, plant resources and 
combinations (groups) of those. The prices and rates taken from specialist sub- 
contractors on special type of resources/work could also be included. This library 
should store the data/information on code, description, unit and cost of each resource 
used in the contractor organization. An extract of a contract resource library is illustrated 
in Figure 6.10. 
6.3.1.1 Code 
Each resource is given a distinct code for easy identification and reference. This code 
may be a numeric, alphabetic or a combination of both. The recommended coding 
system in this research is explained in Section 6.2.2. 
6.3.1.2 De cription 
The description, which is, included in the library for each resource, should be a 
commonly used simple presentation. Descriptions of materials may include the buying 
unit of that item if necessary (eg: Box of nails). In some cases it could also provide the 
information about the relevant accessories (eg: Wash basin -22"xl5"- pedestal -ceramic; 
tap, rubber plug, bottle trap, chain waste, aluminium, brackets and plugs, included). 
Descriptions of labour may Anclude the skill level of the particular category. 
Descriptions of plant may include the make of the equipment for easy identification (eg: 
Mobile Telescopic Crane -Coles 50 ton-, Crawler Crane -Koehring 405-). 
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Resources Library Contract: CN04/88 
Abbreviated Resource Report Date: 02112/88 
RE CODE DESCRIPTION UNITS COST(Rs) 
LAOOAUS- Labour -All in rate- unskilled HOUR 7.00 
LC03CCP Labour -All in rate- Carpenter HOUR 9.50 
LDOOCBL Labour -All in rate- Bricklayer HOUR 9.00 
MA01ACr Cement -Portland- BAGS 125.00 
MAOIBCr Cement -Masonry- BAGS 140.00 
MA03BSD River Sand -normal- 'CUBE 315.00 
MA04APL Planks 12"xl" -Special Class- SQFT 12.50 
MA06C`rM 'YxV (75x25mm) Class 2 Timber FEET 3.00 
MCOIAMT, Metal -3/4" crushed stones- CUBE 1100.00 
MC04DTR R/F Tor Steel -14mm- TONS 12675.00 
MDOIABK Bricks -Burnt clay- normal HUND 875.00 
MG07BTL Tiles -Country, 6" dia. half round 15" 
1. average length 2250.00 
MQ02BPN Enamel Paint LTRE 71.00 
PH02ACR Type I Tower crane (Hired) -GMR264B HOUR 375.00 
POOIAMX Mixer; 'open drum (own) 7/5 with hopper HOUR 125.00 
Figure 6.10 An extract from a resource library 
6.3.1.3 Unit 
Units of the resources are the widely used presentation of the buying units of them (eg: 
Lanka wall tiles -glazed- 10OX100mm - available in hundreds). The estimator or 
purchaser could always buy the items in multiples of this unit. However, buying units 
of some resources may vary for some projects (eg: Labour all in rate Carpenter - HOUR 
or DAY). In that case the particular contract library is changed for such units and costs. 
6.3.1.4 C= 
The cost of the resources are the eff6ctive cost of them to the contractor for a particular 
contract (site). The effective cost of materials should be decided by considering 
numerous factors such as; local availability (transport), credit facilities, storage and 
handling, waste and number of uses. Usually, the prices submitted by suppliers include 
the transport, delivery and unloading of the items. Estimators should account the 
transport and handling cost of the movements from main stores to the site and within 
the site. However, organizations may include this cost in the over-head component of 
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the particular project. The cost of stores, store keepers and maintenance also can be 
considered as project over-heads. 
Waste due to delivery discrepancies and handling (eg: bricks, sand) should be 
accounted for in the effective cost. However, the waste due to deterioration, loss and 
theft is not included. In fact, it is assumed that the cost of stores, store keepers and 
maintenance would cover the risk of these occurrences. The waste due to cutting, 
mixing and/or placing is not accounted for in the resource library because of its 
dependency on the operation or work section. Hence, this should be included in the 
item build-up library where different amounts of waste for same resource could be 
included as a percentage depending on the work (eg: 1: 2: 4 concrete, -manual mixing- 
cement waste = 8%). Number of uses also is included in the build-up library. More 
detail on these are given in Section 6.3.2.4. ,- 
The effective cost of labour is included as an all-in-rate. This could be calculated as 
hourly, daily or weekly depending on the use of labour resource in build-ups and 
tender. There are various methods available to convert the salaries and other benefits 
given to the direct labour to an all-in-rate. The example given in Baldwin and McCaffer 
(1984, p46) is one of such fully Comprehensive procedures. For labour contract 
projects, the cost of labour is the rates submitted by the labour contractor. Any over- 
heads such as supervision for such labour could be accommodated in the contract over- 
head value. 
The effective cost of plant is the total all-in-rate as an hourly, daily or weekly rate. How 
this all-in-rate is determined depends on the method of acquisition. For hired plant, 
which could be'hired either from their own plant division or from a specialist 
independent plant company, the basic cost is the rate quoted by the hirer. The estimator 
must add to this, the cost of all additional running costs not covered by the hirer's 
quotation. Where the plant item is owned by the contractor, the effective cost must 
cover both the, ownership and operating costs. The example given in Harris and 
McCaffer (1989, p157) had demonstrated this procedure of calculation hire rates. Multi- 
purpose plant and vehicles (eg: site engineer's car) can be accounted as project or 
company over-heads. The estimator should also include some allowance for idle time 
plant. 1 4'' 
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6.3.2 Build-up Library 
The build-up library contains the data of construction work. It could be stored as unit 
rates, operational rates, spot rates or sub-contractor quotations. Unit rates and 
operational rates are the build-up of the resources that are stored in the resource library. 
Spot rates are stand alone single entry items which do not have any relation to 
resources. Data gathered from specialist sub-contractors on special type of work are 
stored as sub-contractor quotations. The library sh6uld store the datafinformation on 
code, description, unit and cost of unit work. An extract from a contract build-up 
library is illustrated in Figure 6.11. 
Build-up. ý. ibrary 
Abbreviated Build-up Report 
BU CODE 
IB01GG1 
1BOlGG2 
IC02GG2. 
lE02GG2 
IF03CT1 
lJ20DR7 
IJ20DX7 
lR02VP2 
DESCRIPTION 
Filling under floors with gravel or other 
approved quality of filling watered and well 
ranuned in 3" layers with available earth 
As above IBOIGGI 
-Materials not available at site- 
Contract: CN04/89 
Date: , 02/12/88 
UNITS COST(Rs) 
CUBE 
CUBE 
CUBE 
CUBE 
1: 2: 4 (3/4) Concrete 
-Shuttering and R/F excluded- 
Random rubble Masonry in 1: 5 mortar 
Pressed cement tile (8"x8") flooring on 1/2" 
thick 1: 3 mortar, joints to be flushed even 
with coloured cement 
Marine plywood door (2'6"x6 I") consisting 
4"x2" Class2 timber frame -Type D7-; 
Accessories to lJ20DR7 ý 
4" PVC soil vent pipe (15 Ft) 
SQRS 
70.00 
. 314.40 
3535.00 
1635.00 
1871.25 
EACH 
EACH 
-, 15Fr 
1231.02 
154.20 
, 719.39 
Figure 6.11IAn extract from a build-up, library 
The importance of the build-up library is that when the estimator is pricing a bill he can 
call down the cost of each individual resource. This speeds the estimating process. The 
facility to use the build-ups with a combination of resource items also would increase 
the flexibility of the use of libraries. More detail on pricing with the use of libraries is 
given in Section 7.2. .IýIII 
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6.3.2.1 Code 
Each build-up is given a distinct code for easy and unambiguous reference. When the 
estim ator requires to price a bill using the build-up, he can call down the data by using 
the particular code. Subsequent management, functions could identify the way the 
estimator has priced the bill just by referring to the build-up codes. However, without 
an efficient classification and coding system, these tasks, would be tedious. The 
recommended coding system in this research is explained in Section 6.2.1. 
6.3.2.2 Description 
Description of build-ups should clearly explain the item of construction work with least 
possible wordings. Common terms and abbreviations used in a particular organization 
can be used for this purpose (eg: 1: 2: 4 -3/4- conc; shuttering and r/f excluded). 
Published work such as price books also could be used to derive the descriptions of 
build-ups. Since direct derivation of biltof quantities items from build-ups are not 
recommended, descriptions of build-ups should not necessarily be matched with the 
descriptions of bill of quantities items. However, the method of work may be included 
in the description, specially for operational rates, for easy cross reference. 
6.3.2.3 Unit 
Units of the build-ups are the widely used presentation of units of construction works. 
By this method, the direct use of the build-up rate for tender pricing could be facilitated. 
However, units for operational build-ups should be the amount of work covered by the 
operation (eg: 4" PVC soil vent pipe -> Unit = 15Ft, Lintels 1: 2: 4 -3/4- conc. -r/f and 
shuttering included -> Unit = 517t). In this case, the build-up library stores the data for 
the whole operation (eg: MR), hence the estimator should convert the rate for the 
particular quantity appeared (eg: 42Ft) in the bill of quantities. 
6.3.2.4 Cost 
Costs of the build-ups are the effective cost of construction work to the particular 
contractor. This could be derived using unit rate methods, operational rate methods or 
spot rating. However, in the case of sub-contract work, this cost would be the 
quotations submitted by, sub-contractors. The build-up'library holds the cost as a 
general rate for construction work that can be used-by the estimator for pricing 
B. O. Q. s. In any case, as illustrated in Figure 6.9, the estimator should develop the 
contract build-up library, based on the company library and the type of work in the 
particular contract. Operational rates that are prepared for individual contracts depending 
on the amount of time and work, can be included in contract build-up libraries. 
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Preparation of unit rates an 
'd 
operational rates can be linked to the resource library. In 
the unit rate method, the cost of the build-up is derived by using predetermined out put 
or usage rate of material, labour and plant requirement for the particular work. In the 
operational rate method, the cost of the build-up is based upon the total quantity of 
work involved and the total period that resources (labour and plant) will be required on 
the site for the particular work. In each case, the allocation of particular resources with 
their amounts, waste, number, of, uses and effective costs could be linked from the 
resource library. By this way; any updating carried out for resources could 
automatically be reflected on the build-up library. 
Allowances for material waste due to cutting, mixing and/or placing should be included 
in the effective cost of build-ups. These allowances can be incorporated as an added 
percentage to each material quantity in such a way that the requirement (quantity) of 
each material would be increased to meet the corresponding waste. By this method, the 
effective unit cost of the resources would not be changed, giving the correct picture on 
the cost and amount of waste. The number of uses also should be attached to the 
quantities of requirements, thus maintaining the unit cost of resources as unchanged 
effective cost given in the resource library. 
6.4 CONTRACTOR'S COPY OF THE ESTIMATE 
It was suggested in Chapters 4 and 5 that the format of the estimate should be changed 
so that it could be directly used by the contractor's management functions for their 
tasks. It was found that the 'Quantities'. 'Quantity Units' and 'Unit Rates' in the 
estimate are not in their best format for this direct use. Therefore, a new format to the 
estimate is proposed in this research to split the unit rate into its components- and 
provide a breakdown of resource requirement for each bill item. The breakdown would 
provide the details of quantities, units and unit rates of resources required for each bill 
item. An extract from a contractor's copy is illustrated in Figure 6.12. 
This new format is recommended only as a contractor's internal document which 
should be given only to his management functions. A conventional type estimate should 
always be prepared to deal with the client/consultant for works such as tender 
evaluation, variation agreements and monthly payments. Since the contractor's copy of 
, the estimate contains the necessary 
data such as unit, quantity, final rate and final price 
of each bill item, preparation of this conventional type of estimate would be straight- 
forward. The example of the conventional bill illustrated in Figure 6.13 clearly shows 
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the extri6ts (in bold chaii&ters) itNat should be taken from the contractor's copy which is 
illustrated in Figure 6.12. In fact, the computer would generate the two reports from 
Comm on data files. 
Bill of Quantities (Contractor's Copy) 
BUILDING NO: oi CONTRACr REF : CNO 4/88 
CONSTRUCT'ION SECnON : CONC. WORK 
BILLREFERENCE : B-A02/011/CO2 
ITEMDESCRIPTION : R. C. C. 1: 2: 4 (3/4: ) mix in beams (B2, B3, 
B4, B5, B6, and B7) -do- 
QUANTrry 2.00 FINAL PRI E (Rs) 
UNrrS CUBE BASICRATE .: 
3609.90 
MARK-UP/O. H % 40.00 MARK-UP + O. H. : 1443.96 
FINALRATE 5053.86 
FINAL PRICE 10107.72 
PRICING METHOD 
Code Unit Quantity Rate(Rs) Waste Use CosVfUnit 
lC02GG2 CUBE 3535.00 3535.00 
LE02CMS HOUR 2.64 11.25 29.70 
LAOOAUS HOUR 9.04 5.00 45.20 
BREAKDOWN 
Code Unit Rate(Rs) Quantity Cost(Rs) Waste Qty/Unit Cost/Unit 
MA01ACT BAGS 115.00 34.00 3910.00 1.60 17.00 1955.00 
MA03BSD CUBE 300.00 1.00 300.00 0.05 0.50 150.00 
MCOIAMT CUBE 1100.00 2.00 2200.00 0.10 1.00 1100.00 
LE02CMS HOUR ý11.25 21.28 239.40 ... 10.64 119.70 
LA00AUS HOUR 5.00, 114.08 570.40 ... 57.04 285.20 
Figure 6.12 An extract from the contractor's copy of the estimate 
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Bill of Quantities 
BUILDING NO: 01 CONTRACT REF CN04 /88 
BILL REFER DESCRIPTION UNIT Q M RATE AMOUNT 
Rs. Rs. 
B-A02/005/02 2" thick cement concrete 1: 3: 6(1") mix in 
blinding layer below R. C. C. work. SQRS 0.25 734.44 183.61 
B_A02/006/02 6" and 4" thick'cement concrete 1: 3: 6(1") 
mix in below steel column. CUBE 0.35 3944.50 1380.58 
B-A02/007/02 Reinforcement cement concrete 1: 2: 4(3/4") 
mix in column bases and column shafts 
up to D. P. C. level. (Reinforcement and 
formwýrk mea: ýured separately) CUBE 1.50 4970.00 7455.00 
B-A021008/02' Reinforcement cement concrete 1: 2: 4(3/4") 
mix in columns and king post and the like. 
(R/F and formwork measured separately) CUBE 0.15 5220.60 783.09 
B-A02/009/02 R. C. C. 1: 2. -4(3/4") mix in lintels. (R/F 
and formwork measured separately) ' CUBE 0.50 4998.28 2499.14 
B-A02/010/02 R. C. C. 1: 2: 4(3/4") mix in (B I) hip beam. 
(R/F and formwork measured separately) CUBE 0.50 5046.58 2523.29 
B-A02/011/CO2 R. C. C. 1: 2: 4(3/4") mIx 'in beams 
(B2, B3, B4, BS, B6 & B7) - do - CUBE 2.00 SOS3.86 10107.72 
B-A02/012/02 R. C. C. 1: 2: 4(3/4") mix in floor slab 
5" to 4" thick. (R/F and formwork 
measured separately) CUBE 1.50 5053.86 7580.79 
B-A021013/02 6" thick R. C. C. 1: 2: 4(3/4") mix in 
floor (Drive-way between gate posts). 
(R/F and formwork measured separately) CUBE 1.75 4984.28 8722.49 
BA02/014/02 0'-11" x 0'- 11" x 20'-9" high R. C. C. 
ornamental columns on concrete base (R. 
C. C. base included in footings) and lower 
section of columns to be finished with 1/4" 
exposed granite chips bedded in cement. NOS. 4.00 4469.95 17879.89 
C-A03/015/02 Random rubble masonry (of varying 
thicknesses) in foundation, in cement and 
sand mortar 1: 5 mix up to DPC level. CUBE 7.00 2261.00 15827.00 
Figure 6.13 An extract from the 'conventional estimate 
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6.4.1 Resource split 
Pasquire and McCaffer (1988) had observed that the use of measured data throughout 
the contractor's 
- 
management functions was split into that relating to labour and/or plant, 
and that relating to materials. Abdullah (1988) had proposed that the unit rate should 
preferably be broken down to at least four cost figures (labour, plant, material and sub- 
contractors) to improve the efficiency of cost control systems. During the case studies 
carried out in this research work it was observed that some contractors have introduced 
three additional cost columns (material, labour and plant) to the conventional estimate so 
that it can be effe9tively used for their post-tender work. 
Therefore, the material and labour/plant split could be considered as important when 
measuring data for the use during the post-tender management of work. Hence, in this 
research, -the split of unit rate to its components was suggested to obtain better use of 
estimating data. After all, examination of the existing estimating task reveals that the 
resources are already being considered separately with allowances for waste being 
incorporated prior to aggregating the total resource costs into a unit rate. 
The unit rate broken down into its cost components of material, labour and plant is not 
sufficient for the post-tender management tasks. It should be broken down to its 
individual resource components giving a detailed analysis (breakdown) as shown in 
Figure 6.12. This analysis would provide all the data necessary for the post-tender 
tasks. More details about the contents in the breakdown is given in Section 6.4.2.11. 
6.4.2 Format of the contractor's copy of the estimate 
Chapters 2,4 and 5 showed that a new format for the contractor's presentation of the 
bill, which also confirms the conventional practice, would be the solution to the poor 
extent of use of the estimate in contractor organizations. lberefore, a new format for the 
contractor's copy of the estimate is developed in this research. This new format 
(illustrated in Figure 6.12), would only be used as a contractor's internal document, 
hence the revelation of contractor's crucial information such as over-head and mark-up 
percentages would not create a disadvantageous. situation. In fact, the separate 
illustration of the basic costs and over-head/mark-up amounts would help the 
contractor' s site staff to correctly identify the cost targets. 
Ile proposed format was finalized after carrying out two test projects on the feasibility 
of preparing the contractor's copy. Suggestions and comments obtained from the 
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professionals in contractor organizations on the suitability of the presentation for post- 
tender use also helped to formulate the final format. The final format, as shown in 
Figure 6.12, contains all the information: contract reference, building number, 
construction section, bill reference, item description, quantity, units, mark-up and over- 
head percentage, final price, pricing method and breakdown. 
6.4.2.1 Contract reference 
This is the 
, 
reference given by the contractor to a particular project. The contractor may 
either include the name of the project as the contract reference or introduce a distinct 
reference number considering the year and the corresponding number of the project (eg: 
LINK/ASIRI or CN04/88). In any case, it should be a straight forward, easy to use 
reference which could be understood by'any level of the contractor's staff. However, 
when considering the limited amount of projects undertaken by a contractor during a 
year, it is hardly required to classify and code the projects to assign different codes. 
6.4.2.2 BuildinLy number 
ibis is the reference given by the c. ontractor to a particular building in a project. This 
reference is important for projects which consist of more than one building. The 
reference may be a number, alphabetic or a combination of both. In any case it should 
clearly distinguish the building concerned from other buildings in the project. The 
building number, along with the contract reference would act as the major classifier for 
bill items in large projects which may have similar bill items in different buildings. 
6.4.2.3 Construction section 
The construction section can be used to specify the section under which the particular 
item is documented in the client' s bill. This may follow the same categories as given in 
Tables 6.1 and 6.2 or different categories depending on the client' s method of work 
classification. However, if the contractor prefers his own standard work classification 
system, he could use them neglecting the client defined sections. After all, the bill 
reference number given to each bill item contains the client' s bill section, hence 
provides the necessary cross references. 
6.4.2.4 Bill reference number 
The bill reference number is the code given to a particular bill item to differentiate it 
from other bill items. This acts as the secondary classifier "within the major classifier 
given in contract reference and building number. The bill reference number provides the 
information on bill section, page number, item number in the particular page and the 
work section. If the drawings and specifications also are classified according to the 
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same work classification that used in the bill reference number, then cross referencing 
and data interchange would be much easier. More detail on the formation of bill item 
codes is given in Section 6.2.3. 
6.4.2.5 Item description ,, I 
This is the description given in the bill of quantities to the particular bill item. It gives 
only the information that is given by the client in his bill. Since this research does not 
intend to improve the presentation of work descriptions (refer Section 5.6), the direct 
inclusion of client's bill description is considered as adequate. However, contractor's 
subsequent management groups can easily cross refer to details in the drawings 6r/and 
specifications using the bill reference code. 
6.4.2.6 Quantity 
This is the total quantity of the measured work billed against each bill, item. - The 
quantities and costs of resources corresponding to this total work quantity are detailed 
in the breakdown. The contractor's subsequent ma nagement groups now have direct 
access to quantities of resources which are used by the estimator to build up the price. ý 
6.4.2.7 
-Un-ija 
This is the unit given in the client's bill corresponding to each bill item. This may be 
linear, square, cubic or just a number depending upon the client's method of 
quantifying the work. ýN, 
6.4.2.8 Mark-up and over-head percentage 
This is the over-head and profit margin decided by the contractor for a particular project 
expressed as a percentage of the basic cost. Usually one percentage is used for all the 
bill items. However, some contractors may use different percentages for different work. 
groups, specially for sub-contracted items. The subsequent functions can now identify 
the different percentages, hence can observe the different weightings given to different 
bill items. Since the contractor's copy is a confidential document to the contractor, the 
disclosure of profit margin would not create any adverse circumstances. 
6.4.2.9 Final price 
Final price contains the four major cost figures corresponding to a particular bill item. 
Basic rate is the cost of the unit work that the estimator has allocated in the estimate. 
The contractor should not in any case exceed this amount at the construction stage. 
Mark-up plus O. H. figure is the contractor's allocation for profit and over-head. This 
value will not be met if the contractor exceeds the basic rate. The final rate is the usual 
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conventional unit rate (basic rate + mark-up and over-head) that is used by the client to 
pay the contractor. The final price is the total price tendered for the particular bill item. 
6.4.2.10 Pricing method 
Pricing method describes the way that the estimator prices the bill item at the estimating 
stage. The estimator should have the total flexibility either to use spot rates or library 
(build-up) rates directly or to develop a rate using the library rates (resource and/or 
build-up) and spot rates. In any case, subsequent management functions can now 
observe the estimator's assumptions on working procedures at the site, specially the 
use of labour and plant. For example the estimator's decisions between off-site 
manufacturing and on-site manufacturing would be clearly seen. This helps the 
subsequent management functions in their decisions. 
During the pricing, the estimator should specify the code, unit, quantity, rate, waste 
and use of the selected resour ces and build-ups to derive the cost/unit (cost per unit) of 
them for the particular bill item. If the libraries are used, then the unit and rate would be 
directly extracted once the code is specified. The basic rate is the addition of all the 
cost/unit components appear in the pricing method. More'detail on pricing is given in 
Chapter 7. 
6.4.2.11 Breakdown 
This is the total breakdown of the resources that the estimator allocates for a particular 
bill item. All the data that the estimator collects, assumes and generates are given as a 
detailed analysis, hence available for direct use. Since the computer would directly 
generate the breakdown from the pricing method and libraries, no additional effort and 
time is required for the formulation of this detailed analysis. The structure of the 
breakdown was tested in two test projects for the feasibility of formulation. During the 
test projects, professionals in the industry were approached to obtain criticisms and 
suggestions on the content of the breakdown. 'Me structure of the breakdown which is 
proposed in this research is the result of these suggestions, requirements and criticisms 
derived from the industry. The breakdown comprises of code, unit, rate, quantity, cost, 
waste, quantity/unit and costlunit of each resource required for the bill item. 
The code describes the particular resources selected for the work, The contractor's 
management staff should be able to convert this code to the corresponding description 
with little effort, hence minimize the re-work in data handling. Grouping of resources 
to work groups and resource groups that are used for cost control purpose should also 
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be eased. The method of coding the resources for efficient data management is 
explained in Section 6.2.2. 
The unit gives the widely used buying units of the resources chosen for the work. As 
explained in Section 6.3.1.3, resources should always be documented in the library in 
their buying units since the estimator or purchaser could buy the items only in multiples 
of these units. The contract resource library, updated for the particular project, would 
directly provide the units of the resources to the breakdown, once the estimator decides 
on the resources needed for the biR item. 
The rate is the effective cost of one buying unit of the particular resource, hence 
specifies the estimator's allocation given to the upper limit of unit cost of resources 
required for the - work. As explained in Section 6.3.1.4, these rates are derived 
considering numerous factors, and stored in the resource library as 'cost! of the 
resources. Once the estimator selects the resources for the work, either directly or 
through build-ups, the corresponding rates would be extracted from the contract 
resource library to the breakdown. The estimator may change and update the rates in the 
breakdown to finalize the basic rate of the bill item. Therefore, the rates in the 
breakdown would show the other management functions what the estimator has, 
allocated in the tender bid, hence act as targets in the purchasing function. 
The quantity is the total quantity (in buying units) of each resource that the estimator 
allocates for the particular bill item. This is directly calculated from the pricing method 
and build-ups, hence reflects the estimator's policy on resource usages. This quantity 
includes the amounts that the estimator has allowed for wastes due to cutting, mixing, 
placing etc. Wastage due to transport, delivery, unloading etc., are accounted for in the 
rate of the resource. 
The cost is the total cost of each resource that the estimator allocates for the particular 
bill item. This is just the multiplication of rate and the quantity given in the 3rd and the 
4th columns of breakdown (Figure 6.12). 
The waste is the total quantity of each resource (expressed in buying units) that the 
estimator allows in a particular bill item for losses due to cutting, mixing, placing etc. 
Although this is already included in the quantity column, it is given in a separate 
column to show the estimatoes decisions on waste factors related to the method of 
work. 
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Quantity/unit is the estimator's allocation of quantity of each resource (in buying units) 
for one unit work of the bill item. This would provide direct data for subsequpnf tasks 
such as preparation of schedules, placing orders, calculation of durations etc. If the 
actual resource consumptions are different to the estimator's allocated amounts, it 
would_be easily detected. Infact, estimators are more careful now since their decisions 
on usages are directly visible. 
Finally, co I st/unit is the estimator's allocation of. cost of each resource for one unit of 
work of the bill item. This would provide direct data for subsequent tasks such as 
preparation of schedules, preparation of cost targets, preparation of interim payments 
etc. 
6.4.3 Use of contractor's copy to feedback the estimator 
Abdullah and Tyler, (1989) had studied cost control systems of thirteen construction 
companies in the U. K. industry, and observed that the necessity of a feedback report 
facility for the estimator to assist in updating future estimates as a common requirement 
in the industry. Unfortunately, there had not been any efficient feedback report facility 
in any of the companies. The survey carried out in this research also attempted to 
identify the existing feedback report facilities available in the contractor organizations to 
inform the estimator about the actual usages and rates of resources consumed in the 
site. It was observed that, although everybody stresses the need of such facility, 
communication from the site to the estimator on the actual consumption of resources as 
very poor. 
The presence of this situation is mostly due to the mismatch between whatIthe estimator 
provides for the site staff and what the estimator requires from them. The estimator 
only provides a unit rate for each bill item, but asks for a full report of usages and rates 
of resources consumed for the work. If the estimator provides a breakdown of resource 
requirements that he allocates for the bill item, then the site staff could provide him with 
the actual usages and rates using the same sheet. lThe 
data to observe the usages of 
resources in each bill item could be extracted from normal cost control sheets by using 
the codes given to resources, build-ups and bill items. 
It should be noted that, it is not the objective of this research to improve or modify the 
existing cost control or site control systems, but to investigate the possibility of 
reduction of re-work in existing systems by improving the presentation of estimating 
data. Therefore, any new methods to collect data on actual consumption have not been 
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proposedAn fAct, "it'is advised to use' ihe'e'xisting''iecommended 'sheets such as 
invoices, deliveryý notes, goods received book and daily time (labour) allocation sheet 
(Harris and McCaffer 1989). However, codes given to resources, build-ups and bill 
items would help the management staff to collect the cost data to required cost centres. 
The presence of poor feedback in the current industry is also due to the mismatch 
between the measured work in the estimate and the actual method of construction. 'I'he 
bill of quantities often comprises of work descriptions (bill items) which are measured 
according to trades or work, sections, whereas the actual work is in fact carried out in 
operations. This creates incompatibility between the site work and the feedback that 
required by the estimator. Although this research does not address the improvement in 
work descriptions as. explained in Section 5.6, it is highly recommended to investigate 
on this area in future research to produce better feedback systems. The proposals in this 
research could then be combined to obtain an efficient feedback system. 
I- 
6.5 EFFECTIVE USE OF THE COMPUTER 
In Chapter 3, a detailed study was carried out on the available CAE Systems and their 
capabilities. It was found that most of the available software are capable of carrying out 
the'operations required in this research. - Therefore, it was decided to use an available 
system rather than developing any. However, it was found that most of the users do 
not effectively use the available systems, hence then find difficulties with voluminous 
libraries. Therefore, the possibility of employing simpler approaches at the tender 
pricing was investigated during the test projects and the live project. 
Most-of the e'stimators who use'CAE`sysfýms create complex'codings and libraries to 
price bill of quantities. Much of these could have been avoided if a simpler approach 
had been considered. One common practice isio generate items in the library for each 
work item and price the bill by matching the bill items with the corresponding library 
items. However, some of these items may have'been priced several times in a similar 
way and contain the same unit rate. To illustrate this improper use, an example is taken 
from a bill which has been priced using CAE (only the relevant parts are extracted). 
Figure 6.14 illustrates an extract of the bill in which four items have been priced using 
the same rate. Table 6.10 illustrates the method of pricing adopted to price these four 
bill items, 2/A/8/02,2/A/8/03,2/A/8/04 and 2/A/8/05, which have the same unit rate. 
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BILL REF DESCRIPTION QTY UNIT RATE L PRICE 9 
2/A/8/01 Mass Conc in Trench& 
Bases 150-300 TH 7.00 M3 59.60 417.20 
2/A/8/02 RF Conc Isolated Bases 
over 0.15 m3 Vol 20.00 M3 57.15 1143.00 
2/A/8/03 RF Conc Trench & Bases 
150-300 TH 11.00 No 57.15 628.65 
2/A/8/04 RC Beds in Conc Blinding 
150-300 TH S/A 6.00 M3 "57.15 342.90 
2/A/8/05 RC Beds on Conc Blinding 
100-150 TH Q? 35.00 M3 57.15 2000.25 
2/A/8/06 Bedsforming pavings 
1 100- 150 TH (0.15m3) 1 2.00 , No 19.75 39.50 1 
Figure 6.14 Extracts from the example bill 
Table 6.10 Pricinia method used in the exaMDle 
BILL REF PRICING METHOD 
CODE' ' RATEL USAGEGROSSRATE 
OH/PR 
'10% 
NET 
RATEI 
2/A/8/02 CBC12B. 1 51.95 1.00 51.95 5.20 57.15 
2/A/8/03. CBC06C. 1- 51.95 51.95 5.20 - 57.151 
21A/8/04 CBC16ClA 51.95 1.00 51.95 5.20 57.15 
2/A/8/05 CBC16B2. lj 51.951 1.00 1 51.95 5.20 57.15 
As illustrated in Table 6. 
' 
10, the Estimator had used four build-ups as described by the 
four different codes CBC12B. 1, CBC06C. 1, CBC16CI. 1 and CBC16B2.1 to price 
the items. However, these four build-ups have the same rate. Figures 6.15 and 6.16 are 
extracts from the libraries which show that the same resources with the same usages 
have been used to develop these four build-ups. Therefore, in this example, to price 
four similar bill items in the same way, the estimator has created four-build ups in the 
build-up library with four different codes and descriptions. Ibis method created unique 
build-ups to match each bill item for direct pricing and resulted a bulky library with 
unmanageable codings. 
This is just one of the existing examples of improper use of CAE, and if overcome 
using alternative methods it eould'reduce the estimators' burden to a great extent. One 
such alternative method is to select one general build-up as given in Table 6.11. 
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CODE DESCRIPTION UN BUILD UP RATE 
CODE UN RATE L USE L 
CAB06C. 1 Mass Conc inTrench 
. 
M3 MCOI M3 40.86 1.10 44.95 
and Bases 1 50-300 TH LGR1 HR 4.50 2.05 9.23 
54.18 
CBC12B. 1 RF Conc Isolated Bases M3 MC03 M3 42.95 1.00 42.95 
over 0.15M3 Vol. LGR1 HR 4.50 2.00 9.00 
51.95 
CBC06C. 1 RF Conc Trench & Bases M3 MC03 M3 42.95 1.00 42.95 
150-300 TH LGR1 HR 4.50 2.00 9.00 
51.95 
CBC16C1.1 RC Beds in Conc Blind- M3 MC03 M3 42.95 1.00 42.95 
-ing 150-300 TH, S/A LGR1 HR 4.50 2.00 9.00 
51.95 
CBC16B2.1 RC Beds on Conc Blind- M3 MC03 M3 42.95 1.00 42.95 
-ing 100-150 TH, C/P LGR1 HR 4.50 2.00 9.00 
51.951 
Figure 6.15 Extracts from the example library - Unit Rate Build-Up - 
CODE DESCRIPTION UNIT RATE 
LUS I General Labourer -Hourly - HR 4.17 
LBK1 Brick. Layer -Hourly - HR 5.31 
LGRO Labour Gang -1 Ganger: 4 Labourer - HR 4.45 
LGR1 Concrete Gang -1: 4- HR 4.50 
MBR1 Engineering Bricks THOU 138.71 
mcol Grade 25/20 Concrete M3 40.86 
MC03 Grade 30/20 Concrete M3 42.95 
MM01 Mortar 1: 6 M3 35.42 
MM04 Mortar 1: 3 M3 41.15 
MP8M Plywood 8TH 1TEM. 3.12 
MP6M Plywood 16TH 1TEM 1.43 
PCR3 15 TON Mobile Crane HR 16.50 
jPDC1 CAT 951 HR 21.251 
Figure 6.16 Extracts from the example Library -Resources. 
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Table 6.11 Alternative build-ui)'(Alternative'Dricini! -method 1-) i "' , 
CODE I DESCRIPTION UN BUILD UP RATE 
CODE UN RATE f USE I 
CBCG1 RF Conc in Base, Trench M3 MC03 M3 42.95 1.00 42.95 
Beds - General - LGR1 HR 4.50 2.00 9.00 1 
1 1 51.951 
Now, the Estimator has one'build-up "CBCG1" to price four (or more) similar bill 
items reducing the library, codings and obviously the effort to one fourth of the earlier 
example. Another way of pricing those four bill items would be the direct use of 
resource library and bill references at tender pricing as shown in Table 6.12; 
Table 6.12 Alteinative'oricine '-method 2- 
BILL REF PRICING METHOD 
CODE RATEL USAGE GROSSRATE 
OH/PR 
10% 
NET 
RATE i 
2/A/8/02 MC03 
LGR1 
42.95 
4.50 
1.00 
2.00 
42.95 
9.00 
51.95 5.20 57.151 
2/A/8/03 2/A/8/02 51.95 1.00 1 51.95 5.20 57.15 
2/A/8/04 21A/8/02 51.95 1.00 51.25 5.20 57.15 
12/A/8/05 12/A/8/02 1 51.95 1.00 
1 
51.95 
ý 
5.20 57.15 
These two alternative approaches facilitate the manipulation of libraries with less 
standard items (less codes), hence in results a greater flexibility at tender pricing. If a 
subsequent bill item, say 2/A/8/09, is similar to 2/A/8/02 but requires more labour, 
because of section, place, level or method of pricing, then pricing need not create 
another build-up but a simpler approach at tender pricing as given in Tables 6.13 or 
6.14. 
Table 6.13 Tender nricim! bv maninulation of librarieq. Simnier mathodl 
BILL REF PRICING METHOD OH/PR NET 
CODE RATE L USAGE GROSS RATE 10% RATE I 
21A/8/09 CBCG1 51.95 1.00 51.95 
LGR1 4.50 0.50 2.25 
1 1 1 1 54.2 5.42 1 59.621 
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Table. 6.14 Tender Pricine bv maniDulation' of libraries-Simnier method2 
BILL REF PRICING METHOD OH/PR NET 
CODE RATEE USAGE GROSSRATE 10%. RATEf 
2/A/8/09,, 2/A/8/02 51.95 1.00 51.95 
LGRI,, 4.50 0.50 2.25 
54.2 5.42 1 59.62 
These alternative approaches (Tables 6.11,6.12,6.13 and 6.14) were tried out in the 
two test projects and the live project working with estimators primarily to develop a 
mean of obtaining feedbacks. All the estimators agreed that these alternative methods 
would reduce the complexity. 
Some users purchase systems believing that the current level of CAE as highly 
advaýced., When the system fails to satisfy their highly advanced requirements, they 
criticize CAE as waste of time and cost. However, if they identify the current ability of 
the CAE and adjust their requirements according to the available knowledge, much use 
can be achieved. Also, it would help to formulate necessary improvements to the 
current CAE systems to achieve the future goals. - 
For example the pricing methods explained in this chapter, require the estimator to 
memorize (or generate) codes of build-ups and resources and feed into the computer at 
tender pricing. However, the estimator would obviously prefer automatic build-up 
matching once the bill of quantities description is typed in. This can only be 
implemented with an expert system using a consioerable amount of knowledge, which 
identifies the bill description, check the library and automatically price (no. codings to 
struggle with). The estimator may even dream of a machine which prompts suitable 
library items as suggestions to select, just like the spelling correction system in word 
processing. Now we are in the optical character recognition era, -these features are not 
impossible, but it takes time to sort out crucial aspects such as accuracy, size, cost etc. 
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6.6 SUMMARY- 
Proposals formulated in this research to achieve better formats and presentations to the 
estimating data were explained in this Chapter. It was revealed in Chapter 5 that it is the 
'extent of use' and not just the 'use' of the estimating data that should be improved to 
reduce the re-work involved in the use of the estimate. It was also concluded in Chapter 
5 that the 'quantities', 'quantity units' and 'unit rates' in the estimate are the most 
important areas that need attention to reduce the re-work in current use. Therefore, 
proposals were specifically oriented towards improving the format and presentation of 
'quantities', 'quantity units' and'unit rates' in the estimate. No attempt has been made 
to suggest any new methods in post-tender work, because the proposals were 
formulated only to reduce the re-work in existing use. Once the proposals are used in 
existing methods and found to be satisfactory (ie; reducing the re-work in existing use) 
then any new methods1n post-tender work related to the new proposals could be 
investigated in future research. 
The classification and coding system developed in this research was presented in this 
chapter as a guide-line., Contractors should develop an efficient classification and 
coding system to the building data to present the estimating data in directly usable 
format. Subsequent management groups should be able to convert the codes to the 
corresponding descriptions with little effort, and extract the relevant data from the 
estimate for their functions. Cross references to drawings and specifications also should 
be eased. 
Build-ups were classified to four levels using seven characters to the code. It is advised 
to use general build-ups which suit the capacity of the organization and then'to modify 
and develop the detailed items at the tender pricing. Materials also were classified to 
four levels with seven characters to the code. Cross references to b4ild-ups have been 
considered when'classifying and allocating the codes-to resources by following the 
same classification procedure as in build-ups. Labour and plant were classified only up 
to three levels. ' However, the same length (seven characters) has been considered to 
maintain the consistency. The selection of classification method to labour depends upon 
the way the organization employs the labour and its ability to manage different levels of 
the code. Although it is recommended to consider plant as subsidiary, classification to 
work section also was illustrated for large organizations who can cater for such detailed 
classification. 
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The major requirement of the bill item code has been considered as the cross reference 
to the clienfs or consultant's 
, 
bill. Therefore, bill section, page number and the item 
number were included in the code. Work classification also was included to possess 
cross references to build-ups and work. If the 
, 
client, consultant and the contractor 
follow the same work classification (eg; SMM7 or CAWS), then the bill item code 
could be shortened by allocating the work section as the client's bill section. Ibis was 
illustrated in Figure 6.7. 
Libraries are recommended to store the data as resources and build-ups to reduce the 
estimator's effort in data collection on prices, rates, performances, wastes etc. These 
libraries could directly be used for tender pricing in contractor organizations. The best 
strategy would be to maintain a general company library and prepare a contract library 
for each project by updating it. The adoption of these library facilities could provide 
substantial benefits to the estimator in the pricing of bills. 
In this research, it is proposed to obtain a new format for the contractor's copy of the 
estimate by splitting the unit rate to its components and providing a breakdown of. 
resource requirements for each bill item. The breakdown should illustrate the details of 
quantities, units, unit rates and costs of resources required for each bill item. The new 
format is recommended only at a contractor's internal document which should be given 
only to his management functions. A conventional estimate should always be prepared 
to deal with the client and the consultant. This should directly be generated from the 
same data files which generated the contractor's copy. 
It was identified during the case studies that some contractors had introduced three 
additional cost columns to the conventional estimate to ease the post-tender work. 
However, the unit rate broken down only to its cost components of material, labour and 
plant was considered as insufficient for the post-tender management tasks. It was 
suggested to split the unit rate to its individual resource components giving a detailed 
analysis (BREAKDOWN) as illustrated in Figure 6.12. The breakdown should be 
comprised of-, code, unit, rate, quantity, cost, waste, quantity/unit and costlunit of each 
resource required for a particular bill item. It is expected that this analysis would 
provide all the data necessary for the post-tender tasks. In fact this preparation of the 
breakdown for each bill item, as in the contractor's copy of the estimate, is the major 
proposal in this research, which should be supported by efficient classification and 
coding to building data, use of libraries and effective use of the computer. 
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The possibility of employing CAE with simpler approaches at the tender pricing to 
avoid complex codings and voluminous libraries has been investigated. It was observed 
that the common problem is the attempt to match bill items exactly with the library 
items. This problem was explained using extracts from a bill which had been priced in 
this manner. Alternative pricing methods using general build-ups and manipulation of 
libraries at 'the tender pricing which could substantially reduce the effort were 
illustrated. 
In Chapters 2,3,4 and 5, the problem of inefficient data management at the post-tender 
work was observed and defined. In this Chapter, the proposals formulated to solve the 
problem were explained. The proposals are aimed at improving the extent of use of the 
estimate for post-tender work by reducing the re-work involved in the post -tender use 
of the estimate. Next, in Chapter 7, the preparation of the contractor's copy of the 
estimate with the breakdown of resources for each bill item is described in depth. The 
use of the new approach in contractor's post-tender work is explained in Chapter 8. 
I 
176 
Chapter 7 
PREPARATION OF THE CONTRACTOR'S 
COPY OF THE ESTIMATE -A GUIDE - 
7.1 INTRODUCTION 
7.2 PRICING METHODS -GENERAL APPROACH. 
7.3 PRICING METHODS IN INDIVIDUAL ITEMS 
7.4 SUMMARY 
7.1 INTRODUCTION 
In Chapter 6, the proposals formulated to solve the problem of inefficient data 
management in the post-tender work were described. It was proposed t6'prepare the 
contractor's copy of the estimate by splitting the unit rate to its components and 
providing a breakdown of resource requirements for each bill item. The recommended 
structure for the breakdown was a full analysis of-, code, unit, rate, quantity, cost, 
waste, quantity/unit and c'ost/unit of resources required for a particular bill item. 
This chapter explains methods'of pricing which can be adopted to prepare breakdowns 
for bill items in typical building projects. However, it should be noted that these 
methods are not rigid rules but should be treated as -guide lines for estimating in 
building works. Methods have been prepared after consultation of practising-estimators 
and published books (Spence Geddes 1985, Wainwright and Wood 198 1, Baldwin and 
McCaffef 1984), hence reflect the actual estimating process in building contractor 
organizations. In this thesis, only brief descriptions on these methods are included. It is 
understood that, the inclusion of all the possibilities of construction work in this thesis 
is not feasible. In fact, it is not the objective of this research to develop any rules of 
measurements or pricing, but to demonstrate how the new approach could ease the data 
management in building contractor organizations. 
The general pricing method explains the procedures which can be used in any one of the 
work items. These are the standard calculation procedures in estimating, termed as; Unit 
rate estimating, Operational estimating and Spot rating. Pricing methods explained in 
individual work are the efficient use of libraries for specific'cases based on the above 
standard procedures. Strategies which can be adopted to obtain the breakdowns for 
individual work items in the best possible manner are included. These'methods were 
used to price' two test projects (typical building works)'and one live project (part of a 
building project). Resource libraries, build-up libraries and tenders were prepared for 
these projects with the consultation of estimators who were responsible for the work. 
More detail on the test projects and the live project are given in Chapters 9 and 10 
respectivelY. ' 
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7.2 PRICING_ 
'METHODS 
-GENERAL APPROACH- 
As explained in Section 6.4.2.10, the estimator should include in the contractor's copy 
of the estimate, the pricing method that he adopts to derive the basic rate for each bill 
item. The selection of resources and the method of pricing totally depends upon the 
estimator's decisions on working methods'(what he assumes that the site agent may 
follow), usages of risources, allowances for wastes and sub-contractor rates. The 
pricing method given in the c6ntractor's copy would show the subsequent management 
functions the way the estimator builds up the basic rate. It would also reveal the, 
estimator's decisions to the others, hence would act as a guide or target. The 
subsequent management functions could promptly detect the mistakes in the pricing 
method, hence provide feedback to the estimator on correct usages, wastes and rates. 
The estimator has thrie basic methods in calculating the basic rate for a particular work. 
These are; unit rate estimating, operational estimating and spot rating. These methods 
along with their use in tender pricing are described here. 
7.2.1 Unit rate estimating 
In unit rate estimating, the calculation of the direct cost rate (basic rate) is based upon 
predetermined output or usage rates of resources and the quantity of work stated against 
the bill item. These output or usage rates may be; 
* abstracted from published books, -or ,, 'ý! II--. - 
abstracted from previously recorded company manuals (libraries), or 
taken frorn'the' estimator's 'personal'. manuals, or 
known to the estimator by his experiences. 
All such output or usage rates are subject to modification by the estimator following an 
appraisal of the particular conditions of work under consideration. 
The estimator can store the data on libraries (as described in Section 6.3), and extract 
them for the calculation process. The unit rate is the summation'of 'usage rate X cost 
rate' of resources required for the work. For example, the direct cost of 1: 2: 4 (3/4") 
concrete could be calculated using unit rate estimating as illustrated in Table 7.1. 
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Table 7.1 An examnle of unit rate estimatinLy 
1: 2: 4 (3/4") concrete -manual mixing-; basic rate for one cube 
Code Description Unit Cost rate-Rs Usage rate Cost/cube-Rs 
MA01ACr, Cement Cube 115.00 17.0 1955.00 
MA03BSD Sand Cube 300.00 0.5 150.00 
MCOIAMT Metal 3/4" Cube 1100.00 1.0 1100.00 
LE02CMS Mason Hour 11.25 8.0 90.00 
LAOOAUS UnsIdlled Labour I Hour 1 . 5.00 1 48.0 240.00 
Basic Rate for one cube (Rs) 1 3535.00 
7.2.2 Operational estimating 
Operational estimating is the calculation of the direct cost rate (basic rate) based upon 
the total quantity of work involved and the total period that resources will be required 
on the site. That is, to estimate the duration of the activities or operations involved and 
to base the calculations on the estimated costs of the labour and plant required for the 
duration of the work: (as opposed to assuming any particular output rate)'. These 
durations may be derived; 
" from the planning exercise where logic sequences determine the duration, or 
" by building up from several assumed output rates, or 
* by experienced judgement. 
Table 7.2 An exarnDle of oDerational estimatinL, 
Placing of concrete in bases 
Total quantir = 200 Cubes Total duration =5 Days (=5 8 Hours) 
Code Description Unit Costrate-Rs Usage Cost/200cubes 
PH02ACR Tower crane Hour 225.00 lx5x8 9000.00 
PC03BDM Dumper Hour 75.00 lx5x8 3000.00 
PC09AVB Vibrator Hour 10.00 2x5x8 800.00 
LE02CMS Mason- Hour 11.25 lx5x8 '450.00 
LAOOAUS UnsIdlled Labour Hour 5.00 1 3x5x8 600.00 
Basic Rate for 200 Cubes (Rs) 
Iý 
13850.00 
Basic Rate for one Cube (Rs) = 13850.00/200 69.25 
If a truly operational estimating approach is adopted then the estimating process 
comprises planning, calculating the costs of the resources for each operation or activity 
and transferring these data to the bill of quantities. According to Baldwin and McCaffer 
(1984), this approach is popular particularly with companies who have adopted 
180 
network- based planning'techniques for most of the contracts. However, the major 
impediment to adopting this approach is the format of the bill of quantities. An example 
of operational estimating carried out to obtain the basic rate for placing concrete in bases 
is illustrated in Table 7.2. 
7.2.3 Spot or Gash rate estimating 
A B. O. Q. may contain a several hundred of items. The format of the bill of quantities 
requires the estimator to enter a rate against every bill item. Some of the bill items are 
not very significant to the total value of the bill and are, therefore, estimated as quickly 
as possible using methods that do not involve a detailed assessment of the resource 
requirements to complete the item of work. 
A method for the less significant items is to estimate the cost rates for each cost code 
category (labour, plant, materials etc. ). This method is known as estimating by 'spot' 
or'gasW rates. The rates for each cost category are included in the item rate based upon 
the estimator's previous experience. The total rate for the item is calculated by the 
addition of the rates for each separate cost code. An example is illustrated in Table 7.3. 
This method does not require any link between libraries and tender as long as the 
estimator knows his rates by experience. However, these rates could also be included in 
the build-up library and extracted as unit rates when pricing the tender. 
Tahle 7.3 An examnle of snot rating 
Breakout exi ting mass concrete - basic rate for one cube 
Code Description Unit Costrate-Rs Usagerate Cost/cube-Rs 
LABOUR 
PLANT 
Direct Labour 
Direct Plant 
Spot 
Spot 
105.00 
175.00 
1.0 
1.0 
105.00 
175.00 
Basic Rate for one cube (Rs) 280.00. 
For some of the bill items, the estimator may simply mark as 'included iW another. 'Mis 
indicates that the work involved has been considered within the general content of the 
project but that it is not considered appropriate to enter a rate against this item 
separately. 
A B. O. Q. may contain items for which no quantity is given, the estimator-being 
required to enter a single sum of money to cover the work involved. This method is 
normally used to price general items covering contractual requirements and specified 
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requirements such as the testing of materials and the provision of temporary works. An 
example is illustrated in Table 7.4. 
Tahle 7.4 An examnle of item sum 
Allow for set 'ng out work, includin obtaining the necess levels etc. 
Code Description Unit Cost rate-Rs Usage rate Cost/Itern-Rs 
rIEM Item Sum - Item 1500.00 1.0 1500.00 
Basic cost for the Item (Rs) 1500.00 
7.2.4 Tender pricing 
The estimator can price the items in a bill of quantities by manipulating libraries and 
developing the basic rate from pre-defined unit rates, operational rates or spot rates. At 
the tender pricing, he should be able to price the bill items by; 
* extracting unit rates corresponding to each bill item from build-up library, or 
building up unit rates using resource and/or build-up library, or 
building up operational rates using resource and/or build-up library, or 
building up unit rates using spot rates, or 
building up operational rates using spot rates, or 
using spot rates, or 
extracting unit rates from pre-priced similar bill items, or 
* building up unit rates from pre-priced bill items .. etc.. 
That is, the estimator should be allowed total flexibility to develop the basic rates by 
using the libraries and experienced judgement at the tender pricing. 
The selection of prices and rates should by no means be rigid and restricted to libraries. 
Ile estimator should always be able to add additional amounts to library rates at'the 
tender pricing and modify the earlier priced rates. This is specially important in cases 
where additional resources are required due to method, lift, size, shape etc. The 
estimator should also be able to modify the usages and rates of individual resources 
appear in the breakdown and finalize the basic rate. This provides the support of stored 
data with flexibility of altering it to suit individual and unique circumstances. However, 
these final adjustments should not affect the library to maintain the independence in the 
library. 
The estimator can extract library rates, manipulate them, add or subtract resources, 
adjust the individual usages and rates of resources in the breakdown and finalize the 
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basic rate for a bill item. By this method, although the libralnes are used with the aid of 
CAE software, the estimator's knowledge and experience could always be exercised to 
price the B. O. Q. 
7.2.4.1 Use of unit rates 
At the tender pricing, the estimator should be able to recall previously priced unit rates 
from the build-up library and directly price the bill items. 'Me particular configuration of 
resources and the associated outputs or usage rates are stored in the build-up library 
with links to the resource library to obtain cost rates of resources. However, the cost of 
the resources or groups of resources'could also be included as spot rates without 
linking to the library, specially for less significant items. The estimator should also be 
able to recall previously priced unit rates from similar bill items (in the same bill). 'Ibis 
speeds the estimating process and facilitates the linking of similar bill items together. In 
fact, estimators always use single unit rate to price similar bill items in a B. O. Q. 
The estimator should also be able to build up unit rates from first principles (as 
explained in Section 7.2.1) by nominating resources and the associated output or usage. 
rates at the tender pricing. Unit rates could also be developed by nominating build-ups 
(from build-up library) and the associated output or usage rates where build-ups are 
linked to the resource library'to obtain prices and rates. By selecting rates from earlier 
priced similar bill items, the estimator can link together the alike bill items at the tender 
pricing. After all, in practice, estimators always use previously priced bill items (in the 
same bill) and adjust them to derive unit rates for succeeding similar bill items. 
7.2.4.2 Use of operational rates 
At the tender pricing, the estimator should be able to recall previously priced operational 
rates from the build-up library to price the bill items. The build-up library, with the 
links to the resource library, stores the configuration of resources and associated 
usages. However, operational rates stored in- the build-up library may not be directly 
used for bill items where method and quantity of work in the bin differ from that of the! 
build-ups. Therefore, the estimator should adjust and modify the extracted operational 
rate to suit the particular conditions. 
The estimator should also be able to build up operational rates from first principles (as 
explained in Section 7.2.2) by nominating resources and the associated usages at the 
tender pricing. Resource rates could be extracted from resource libraries, thus linking 
the tender with the library. Operational rates could also be developed by using build-ups 
and associated usages. In fact, any combination of resource library items, build-up 
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library items,. spot rates and previous bill items could be used to develop operational 
rates at the tender pricing. The estimator should have total flexibility to extract, edit and 
manipulate library items and spot rates to derive the basic rate. 
7.2.4.3 Use of svot rates 
The estimator should be able to derive the basic rate for a bill item using a spot rate at 
the tender pricing. Spot rates could be obtained from estimator's knowledge and 
experience on similar bill items in past B. O. Q. with the adjustment for inflation. Sub- 
contractor rates also could be treated as spot rates since these are directly obtained from 
sub-contractors. However, sub-contractors may derive their rates using any of the 
methods explained here. 
7.3 PRICING METHODS IN INDIVIDUAL ITEMS 
Pricing methods that the estimator can follow to prepare the breakdown at the tender 
pricing for individual work items are explained here. As explained in Section 7.2, the 
estimator can use either the resource library or the build-up library or previous bill items 
to prepare unit rates or operational rates for bill items. If a spot rate is used, no 
breakdown will be prepared since there is no such aggregation of resources in spot 
rates. However, if a combination of spot rates is used to price the bill item, the 
breakdown will illustrate the components with their contribution to the basic rate. It 
should be noted that these methods are not rigid rules but should be considered as guide 
lines for estimating in building works. Although the methods have been successfully 
used for two test projects and one live project, with the consultation of practising 
estimators, some estimators may find different approaches as more suitable for their 
organizations. 
7.3.1 Preliminaries 
When preparing a tender for a contract based upon bills of quantities there are certain 
items of expense usually termed project over-heads, that cannot be satisfactorily 
distributed among the unit rates; therefore some of these items are calculated as lump 
sum and are placed in the preliminaries bill. The most important items carrying the 
majority of cost in a typical building contract can be summarized as; (1) general 
foreman, (2) insurances, (3) plant, tools, vehicles etc., (4) security, (5) temporary 
services, (6) temporary roads, (7) scaffolding, (8) cleaning, (9) guarantee bond or 
surety, and (10) temporary buildings. These items should also include the usual 
proportiop of over-heads and profit in the same way as any other basic rate. 
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In practice there" is a wi de difference betweenýihe contractors in''the way they show 
preliminaries costs. Some estimators prefer to include the majority of these costs in their 
basic unit rates throughout the B. O. Q., whilst other prefer to set out some of the labour 
emoluments, over-heads and even the profit in the preliminaries section. The estimator 
can price the preliminary items using his knowledge and past experience just by 
including spot rates at the tender pricing (refer Table 7.3). However, the spot rate may 
be calculated by careful analysis of the costs of the resources required for a preliminary 
item. In that case the basic rate can be developed using a collection of spot rates at the 
tender pricing. Then the breakdown will illustrate the components and corresponding 
contributions. If the estimator wishes, he can link the build-up and resource libraries to 
derive the rates thus giving a detailed analysis in the breakdown. However, because of 
the unique nature in the preliminary items, development of library items for general 
conditions is not recommended. The best strategy would be to price them at the tender 
pricing using a combination of spot rates. 
7.3.2 Excavation and earth work 
In order to estimate the'co'st of carrying out excavation, a knowledge"of the various 
ways in which this can be carried out and which method to adopt in any particular case 
is essential. The estimator must be conversant with the various types of excavating plant 
available and be capable of deciding upon which type'and size of plant to use in 
carrying out specific excavation works. It is on such knowledge that the build up of the 
estimate is produced where mechanical excavation is concerned. Excavation by hand is 
generally associated with vehicles, such as barrows or hand-propelled wagons as the 
means of transporting the excavated material, such forms of transport being suitable for 
comparatively short lengths of haul. Excavation by hand, however, may also be carried 
out, using mechanical transport such as lorries, but it should be noted that in using . such 
plant the transport cost is likely to be high, since the vehicle stands for a long period of 
time while it is being loaded. 
Excavation is generally billed by volume or, in * 
the 'case of surface excavation on 
*a 
square unit basis, the depth of excavation being stated. It can be broadly categorized 
into two major parts such as; (1) Excavation and earth work at ground level, and (2) 
Excavation and earth work below ground level. Therefore, the estimator can develop 
the build-up library with separate items for each part. Each section can again be divided 
to manual excavation and excavation carried out by mechanical excavating plant. The 
work items depending upon the depth and type of excavation can be documented in the 
build-up library under these categories. The estimator can extract the build-ups from the 
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build-up library and adjust them to the particular need at the tender pricing depending 
upon; the nature of the ground, volume of excavation, length of haul to tip, -plant 
available and the source of the material. Estimator can also develop the basic rite at the 
tender pricing using build-up and/or resource library for specific cases. 
7.3.3 Concrete work 
Apart from the materials, there are two main initial factors to be considered in the cost 
of concrete; (1) method of mixing and (2) site transportation and placing. 
7.3.3.1 Mixing 
The concrete is proportioned either by volume or weight. For many years past it has 
been the normal practice to proportion the materials constituting concrete on a volume 
basis only. This practice is, still largely followed, but it is now recognized that 
proportioning by weight and carefully controlling the water/cement ratio produces high- 
quality concrete which is much more consistent because more control of the fractional 
quantities is possible. In estimating the cost of concreting work the estimator should 
carefully note the proportioning specified and whether it is by volume or by weight. He 
should then build up the price accordingly. 
It is necessary for the estimator to make a decision on how the concrete will be mixed as 
this obviously affects the cost. The main choices available are; (1) manual, (2) portable 
machines (mixers); (3) ready mix, and (4) batch plant installed on site. 'Me estimator 
can develop the build-ups for mixing of concrete for each of the above methods and 
store in the build-up library as general 'mixing of concrete' items. These items would 
cover the cost of materials and mixing for different types of concrete mixes. These 
could be used by the estimator to develop basic rates for specific concrete items 
depending upon; the type of element (bases, slabs etc. ), size, shape, height and the 
method of placing. These basic rates could be derived for each case by developing 
further build-ups in the build-up library using the earlier build-ups prepared for mixing, 
or selecting build-ups and/or resources at the tender pricing itself. 
Iý 
7.3.3.2 Transl2ortation and Rlacing 
Ile site transportation of mixed concrete and depositing in a building can vary to a great 
extent. A ready-mix lorry could deliver concrete into foundations directly with a 
minimum of attendant labourers assisting. Sometimes it will be necessary to load mixed 
concrete into barrows or skips and hoist several floors high. A more involved 
procedure of pumping or other specialist means might be necessary for certain 
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contracts. The cost of manual assistance should be included in the price of each item but 
in most instances any mechanical plant would be included in the preliminaries, or 
possibly against the plant items in the concrete section. Mechanical plant could also be 
included in the over-head figure of the contract avoiding the complexities of idle time 
and multi-purpose plant. 
The costs of placing concrete can vary considerably according to; the site conditions, 
type of element, size, shape and final position of the concrete (height and accessibility) 
in the building. For example, placing of concrete in foundation bases at ground level is 
much more easier than placing of concrete in 225 mm beams in the fourth floor level. If 
vibrating is required to ensure better consolidation around the reinforcement, the cost of 
such activity would also have to be accounted to the cost of placing. This cost also 
varies depending upon; the type of element, size and shape. Therefore, the estimator 
can develop the build-ups for placing concrete in different elements by linking the 
earlier developed 'mixing build-ups' and additional resources from the resource library. 
These build-ups can be directly used to price the bill items at the tender pricing. 
However, this process of direct matching would create a bulk and voluminous library. 
For example, the concrete section may contain 368,640 (--4x8x5x4x3x4x4x4x3) 
items for, 
*4 types of mixes (20,25,30 and 35) 
*8 mixing methods (manual, ready mix, 4 types of mixers and 2 types of batch plant) 
*5 types of elements (bases, trenches, slabs, beams and columns) 
4 sizes (depending upon the element) 
3 types of shapes (depending upon the element) 
4 levels (four storied building) 
4 methods of transporting 
4 methods of placing 
* types of compacting (use of porker vibrators, manual and shutter vibrators) 
Therefore, it is advised to develop only general build-ups for most usual cases and use 
them to derive basic rates at the tender pricing for specific cases by adjusting them for 
different requirements. The best strategy would be to create build-ups for mixing and 
add additional resources at the tender pricing for transporting and placing depending 
upon; the element, size, shape etc. However, library items (build-ups), may be 
developed for most usual cases of mixing, transporting and placing of standard concrete 
items of work. 
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7.3.3.3 Reinforcement 
Under the SMM7 (Royal Institute of Chartered Surveyors 1988a) reinforcement should 
be measured separately and listed as a separate bill item. The estimator should calculate 
an overall rate for various diameters of reinforcement and apply it accordingly to the 
relevant items. 
Reinforcement for concrete structures may consist of round steel bars, twisted or 
deformed bars and interwoven or welded mesh fabric. The bars may be purchased as 
random lengths, cut lengths or cut and bent to the contract schedules. The form in 
which the reinforcement is delivered to the site determines the allowance that must be 
made for wastage. For example the wastage allowance for steel, purchased in random 
lengths is 10% in contrast to the wastage allowance of 5% for steel purchased in cut 
lengths (Baldwin and McCaffer 1984)' Mesh reinforcement is used as normal 
reinforcement for concrete slabs or as distribution reinforcement and is measured in 
square units. Mesh fabric is usually delivered in standard sheets. Allowance should be 
made for the cutting of the sheets to-suit the requirements of the structure. 
The steel fixer (Barbefider in Sri Lanka) may be required to Undertake all or part of the 
following operations, 
" cut the steel by hand or machines, 
" bend the steel by hand or machine, and 
" fix the steel. 
Some allowance may also have to be made for lifting the reinforcement into Position by 
crane or hoist. The estimator must also make allowance for all additional items relating 
to the steel fixing. These include prOVisions for; 
* cutting of mild steel bars by acetylene, 
binding wire, and 
spacer blocks and chairs. 
The estimator can 11 store . the costs of reinfoi6ement bars and meshes in'the resource 
library and develop build- U-ps in the build-up library for cutting, bending and fixing for 
general work items. Any plant required for these items may be included in the 
preliminary items or in the over-head figure. Standard materials and labour allowances 
for tying and providing spacer blocks (or chairs) can be included in these build-ups. 
For example, for small quantities of links, 'stirruPs and chairs an addition of 25% may 
be made to the labour hours for cutting, bending and fixing (Baldwin and McCaffer 
1984). These build-uPs can be used to price the bill items at the tender pricing. Any 
adjustments such as more labour hours for higher levels can be made to these rates at 
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the tender pricing. Allowances made for tying, spacer blocks 
-and 
chairs also can be 
modified at this stage. Once a bill item is priced, it can be used to price other bill items 
by direct inclusion or with minor adjustments. , 
7.3.3.4 Formwork 
The estimator (or the formwork designer) may select one or a combination of several 
materials (usually not specified in the bill) for the construction of formwork structure 
depending upon; 
* the number of re-uses required, 
* the surface finish specified in the bill (or specification), 
* the tolerances specified, 
* weight considerations, 
" whether the formwork is a proprietary make or purpose built, 
" the availability of skilled manpower for making, erecting and striking, and 
" the availability of materials. 
From the selected type of material and the design of the formwork the estimator must 
calculate the material and labour cost required to make, i erect and then strike the 
formwork. Suitable allowances must be made for wastage of materials, sundry items 
and formwork shutter treatments. 
Build-ups can be formed in the build-up library for making square unit of formwork to 
foundations, walls, sofits, columns and beams. These build-ups then can be used to 
develop further build-ups for erecting and striking formwork in different elements. At 
the tender pricing, these secondary build-ups can be directly used to price the bill items. 
However, the estimator may be required to adjust the basic rate by adding or subtracting 
resources depending upon; the type of element, size, shape, height and the grid pattern. 
7.3.4 Brickwork and Blockwork 
Brickwork is generally carried* out with lime mortar, cement lime mortar or cement 
mortar. Therefore, brickwork essentially comprises of two parts; mixing mortar and 
laying bricks. Mortars can be entirely mixed on site or delivered in a plastic state as 
sand and lime with cement added when required. Site mixing can be carried out using 
mechanical plant or manual methods. Labour costs involved in the mixing of mortar by 
machine or manual can be accounted in the hourly cost of the bricklaying gang. This 
means that the labourers in the gang mix the mortar as required from time to time, as 
well as keeping the bricklayer supplied with bricks. Machine hours, however, should 
be accounted for in the mixing of mortar itself. Cost of bricklaying varies with the type 
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of work (half brick walls, solid walls, piers etc. ) and the level of the work (height from 
the ground). The estimator must assess the amount of bricks, mortar and the bricklayer 
(or gang) hours , and derive the basic rate for brickwork in different types of work. 
Build-ups can be developed for mixing mortar in different types of mixes and stored in 
the build-up library. - The estimator should at this stage decide whether to allocate labour 
hours for mixing in these build-ups or to include in the labour hours for bricklaying at a 
later stage. These build-ups then can be used to develop secondary build-ups for 
construction of brickwork in standard work. These secondary build-ups can be directly 
used, at the tender pricing to price bill items. For special types of brickwork or 
blockwork, the primary build-ups (mixing mortar) can be used at the tender pricing to 
develop the basic rate. In any case, final adjustments to the basic rate should be carried 
out by the estimator by looking at the breakdown. Since the breakdown illustrates the 
details of the resource requirements, the estimator can decide on the additional labour 
hours or cost of materials. 
In constructing brickwork to height, two factors have to be taken into consideration; 
(1) The cost of bricklaying increases with the height as most cost is involved in getting 
the bricks and mortar to the bricklayer. 
(2) Scaffolding has to be erected in order that the bricklayer can reach the work. 
The additional cost of bricklaying can be included at the tender pricing depending upon 
the height of work (storey level). Lifting of bricks and mortar to higher levels may be 
carried out using mechanical plant. These plant can be included in the preliminaries or 
over-head figure. However, for large scale work where separate plant is used for 
brickwork, this cost also can be included in brickwork basic rate. In any case, the 
pricing method and the breakdown, now illustrate the other management functions the 
working method that the estimator has assumed for a particular work. 
Scaffolding 
In estimating for building work, there are two methods of assessing scaffolding costs to 
be included in the tender. One method is to calculate the hire, erection and dismantling 
costs for the estimated period of use and to include this sum in thepreliminaries section 
(or the over-head figure) of the B. O. Q. The second method is to include the scaffolding 
costs with the unit rate for each square unit of brickwork. This method is comparatively 
simple when the scaffolding required encloses the external brick walls of a building of 
traditional design (eg. a brick-built house). However, if the e' xtemal walls of a building 
are not entirely comprised of brickwork, the brickwork measurements will not reflect 
the true scaffolding costs. 
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In any case scaffolding costs can not be included in libraries since it totally depends on 
the overall dimen'sions of the building and the amount of brickwork in particular 
contract. The estimator can calculate the amount of scaffolding required for a particular 
building and include them in the preliminaries or in over-head figure as a spot rate at the 
tender pricing.. In the case of allocating a unit rate for a square unit of brickwork, the 
estimator can derive the unit rate dividing the total scaffold cost by total brickwork, and 
add them as spot rates to the basic rate at the tender pricing Of individual brickwork 
items. However, it should be noted that scaffold is used for works other than 
bricklaying, such as tiling, painting, external plastering etc. If the cost of scaffolding is 
allowed for wholly under brickwork, no allowance for it need be made under the other 
works. Allowing for it under brickwork is the simplest way of dealing with it, as 
apportioning its cost to the various work is tediousand would, in any case, only tend to 
make the estimation of the works as a whole more complicated. 
7.3.5 Roofing 
.9 ''1 The cost of the roof work depends upon the roofing maten 
* corrugated asbestos sheets, 
corrugated iron sheets, 
tiles (plain tiles, interlocIdng tiles, Roman tiles etc. ), and 
slates. 
Flat roofs, constructed with concrete can be considered ai slabs, hence can be priced as 
concrete slab works. The plan area of the roof depends upon *the pitch and the shape of 
the roof. Therefore, roofs are usually measured in slope area of the roof. The lengths 
and spaces of rafters, * purlins and battens are selected depending upon the roofing 
material, laps and the pitch of the roof. 
The estimator can divide the cost of the roof work int6'tw6 major'parfs as; the structure 
(rafters, purlins and battens) and the roofing material. The B. O. Q., in fact, contains 
separate bill items for these two parts. The cost of the structure can be priced at the 
tender pricing. Since it totally depends on the pitch, 'size, grid patterns and the shape of 
the roof, the best'strategy would be to use operational estimating at the tender pricing 
rather than creating build-ups in'the build-up library. However, costs of standard 
trusses and standard roof structures'can be stored in libraries for direct extraction. 
Build-ups for cost of unit area of roofing material (including labour) can be developed 
in the build-up library for different types of roofing material. 'Mese general build-ups 
can directly be used at the tender pricing. The estimator can adjust the basic rate at the 
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tender pricing for specific cases of shapes, laps and grid patterns. The breakdown 
would illustrate the total resource requirements as well as requirements per unit area of 
roof work, hence would help the estimator to finalize the requirements, and the basic 
rate. The cost of the plant , which need to hoist the material to the required height can be 
included in preliminaries or over-head figure as in other works. However, if plant are 
hired only for the roof work, these costs could be allocated to the cost of the roof work. 
At the tender pricing, the estimator can divide the total plant, and include them as a spot 
te for each roof work item. 
Scaffolding is required in connection with roofing work, but it should be noted that the 
same scaffolding is used in other works such as; brickwork, -external plastering, 
painting etc. As explained in brickwork, it is usual to allow for the scaffolding either as 
a lump-sum in the preliminaries (or over-head figure) or under brickwork and 
blockwork. In that case, there is no need to allow for it under roofing. If, however, 
scaffolding has to be specially erected and dismantled in order to carry out specific 
works in connection with roofing, its cost must be included in roof work. It can be 
performed as recommended for brickworks, i. e. calculating unit'rate of scaffolding for 
unit area of roof work. 
7.3.6 Floor, wall and ceiling finishings 
Build-ups could be separately developed for different work items of-,,, 
* Granolithic floor finishings, 
Tile flooring, 
Plaster work, and 
* Tiling to walls. 
Scaffolding is required for carrying out plastering, rendering or tiling at height. 
Additional labour must be allowed for difficulties in working from scaffolding. Erection 
and dismantling of the scaffolding also should be accounted for. However, external 
plastering, rendering, rough casting etc., may be carried out from the bricklayers' 
scaffolding, and in such cases no allowance need be made for the erection and 
dismantling of scaffolding under plastering. Where, however, scaffolding is erected for 
the specific purpose of plastering, such as internal plastering to walls and ceilings, this 
scaffolding cost must be allowed for when building up the estimate. It can be performed 
as suggested for brickworks, i. e. calculating a unit rate of scaffolding for unit area of 
finishing work. 
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7.3.6.1 Granolithic floor finishings I-I "s 
Granolithic paving is laid where a hard wearing surface is required and is composed of 
angular granite chips and portland cement, a proportion of clean granite dust often being 
added. It may be mixed by hand or mechanically in concrete mixing plant, and the 
material is usually superimposed on a concrete foundation laid ready to receive it, or on 
prepared existing concrete such as floors, etc. The finished surface may be trowelled or 
wood floated, the latter finish being suitable for receiving paving of the asphalt or 
wood-block type. , 
As in concrete work, the estimator can divide the work into two major sections; mixing, 
and transporting and placing. Build-ups for mixing can be developed for cubic units of 
different mixes. Build-ups for laying can be developed for square units of different 
thicknesses (finished). These build-ups can be directly used at the tender pricing with 
additional labour and/or machine hours for transporting. Additional labour and/or 
material required for sundry works such as; indent roller finish, carborundum powder 
finish etc. can be included at the tender pricing. As explained in earlier sections, it 
should be noted that it is impossible an *d 
impracticable to develop build-ups for each 
possible combination of work. Therefore, build-up library should contain only the 
standard, usual items, which can be used to develop further specific basic rates. 
7.3.6.2 Tile flooring 
Tile flooring is usually laid on bedding (6mm thick) and pointed in cement mortar. 'Mis 
work can be divided into two'parts; mixing mortar, and laying tiles (including bedding, 
jointing and pointing). NExing mortar is as same as that explained under brickwork. In 
fact, same build-ups may be used., Build-ups for laying can be developed for square 
units of different sizes of tiles in different thicknesses of bedding. The cost of mortar 
for these build-ups can be extracted from build-ups, which have been created for 
mixing. Any additional resources required for sundry works such as; raking, skirting 
etc. can be included at the tender pricing. 
7.3.6.3 Plaster work 
The cost of plaster work can be divided into two parts; mixing plastering mortar, and 
plastering work to walls, ceilings and floors. Build-ups for plastering mortar can be 
developed as same way as that explained in brickwork mortar. Different build-ups for 
different types such as; cement lime mortar, sand lime mortar, cement mortar etc. 
should be developed in the build-up library. Generally the mixing is carried out by 
hand, hence labour hours should be accounted in these build-ups. However, '. if the 
estimator decides to use machine (mixers), these labour hours can be subtracted and 
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machine hours can be included at the tender pricing. Build-ups for standard plastering 
work in walls, ceilings and floors can be developed for square unit of work using 
plastering mortar build-ups and labour hours for different works. Transporting 
plastering mortar should Also be accounted for. These build-ups can then be directly 
used at the tender pricing with additional resources allowed for higher levels, irregular 
shapes, different finishes etc. 
7.3.6.4 Tiling to walls 
'Me methods of pricing in wall tiling are same as that of tile flooring, since wall tiles 
also are bedded in cement mortar and pointed in white cement. Therefore, same 
principles can be followed. 
7.3.7 - Plumbing 
The work measured under the plumbing work can be broadly categorized into; 
rainwater installation, 
" water supply, 
" waste disposal, and 
" fittings. 
Build-ups should be separately developed for these sections in the build-up library. 
7.3.7.1 Rainwater installation 
Rainwater pipes (cast-iron, PVC etc. ) are usually priced by linear units. The cost of the 
pipes and the labour hours required vary with the material of the pipes (cast-iron, PVC, 
asbestos cement etc. ), and the diameter of the pipes, hence different build-ups should 
be developed to different cases. Hooks, nails and jointings required in between 
standard lengths (1.8m in Spence Geddes) should be distributed over the linear rate. 
Operational estimating for standard lengths (10ft, 3m etc. ) may be preferred in these 
cases. These build-ups can then be directly used at the tender pricing to price the bill 
items. By looking at the breakdown, the estimator can decide whether to add or subtract 
the amounts of hooks, nails and jointings for the whole quantity of work. 
Eaves gutters, valley gutters and wall up gutters can also be priced as explained in rain 
water pipes. Gutter ends, angles, swan necks, junctions etc. should be priced as 
individual items. The estimator may face a problem of developing excessive number of 
build-ups for these work when consider the different variables of; types of material 
(cast-iron, PVC, asbestos cement etc. ), diameter/or shape, methods of fixing, methods 
of jointing etc. In such cases, he can develop standard build-ups with general resource 
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requirements., Refinement of the basic rate is carried out at the tender pricing adjusting 
the general requirements for specific cases. These bill items are usually small valued 
(less, significant) items, compared to the total bill value, hence do not demand very 
accurate estimation. 
7.3.7.2 Water suDI21y 
4 
Build-ups for water supply pipes can be developed following the same principles given 
for rainwater pipes. The resources (pipes, labour etc. ) are the same, but the 
requirements are different depending upon fixing to walls or laying in trenches. Pipe 
fittings such as bends, elbows and tees should, be priced individually in different 
diameters. These can be directly used at the tender pricing with adjustments for specific 
cases. If bends, tees etc. are included in the pipe fixing bill items (or the bill items for 
them are deemed to be included in, other items), then the basic rate for pipe fixing 
should be developed including the number of fittings in the given linear unit of pipes. 
At the tender pricing, the estimator can use, the pipe fixing build-up and the necessary 
bends, tees etc. build-ups to derive the basic rate. By looking at the drawings and the 
breakdown, the estimator can finalize, the number of fittings required in the whole 
process. Operational estimating may be preferred in some cases. 
7.3.7.3 Waste disDoSal 
Fixing or laying of soil, waste, vent and flue pipes are priced under this category. The 
principle is same as that explained for rainwater and water supply pipes. 
7.3.7.4 Fittings 
Fittings such as si4s, water closets, cisterns, wash basins, baths etc. are individually 
priced. Build-ups can be developed in the build-up library for different items depending 
upon; the size, type of material (cast-iron, ceramic etc. ), and the method of fixing. All 
the sundry resources such as red lead, solder, red lead putty etc. required for fixing 
should be included. These can be accounted either as quantities (with the cost) or cost. 
The estimator may decide to add a small amount of cost or increase the cost by a 
percentage to allow for sundry materials rather than assessing the individual amounts, 
which in some cases not significant to struggle with. Prices of the fittings should 
include all the necessary items, hence build-ups should accountfor all the work that 
would require to complete the work. For example, the build-up for water closets should 
account; fixing of water closet pan, seat, cistern and flush pipe to complete. 
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7.3.8 Repairs and rehabilitation work 
It is an established economic fact that existing buildings must be improved'and repaired 
wherever possible in preference to demolition and re-building. This type of work is 
now very common and is an important part of the work load of the building industry. In 
many instances, tendering for_, such work is by means of B. O. Q. which require special 
consideration by the estimator. Generally this type of work is more labour-intensive 
than new work because; 
" fewer materials can be obtained as factory-built components, 
" more work must be carried out in-situ due to the obvious difficulties of some trades 
working in restricted spaces, and, 
manual labour is often necessary instead of mechanical means. 
These factors normally increase the element of supervision and over-head charges., 
In addition to the standard items which are similar to those associated with new 
construction work, many composite items will be encountered. Work of partial 
demolition, stripping 
-out, 
forming or enlarging openings, building up existing 
openings, contractor's work in connection with new specialist services and making 
good fmishings are some examples. The estimator must take into consideration special 
factors such as temporary protection, security, haulage and tipping fees for demolished 
materials, and excessive extra handling of new materials. In addition, as materials are 
often only required in small quantities the supply and haulage costs can be high. Due to 
91 these reasons, preparation of build-ups for these work9 are not practicable. The 
estimator should develop the basic rate at the tender pricing, by nominating required 
resources and corresponding amounts. Wainwright and Wood (198 1) have. illustrated 
some examples to develop this type of rates based on assumed locations, nature of 
alterations, and degree of repetition. 
7.4 SUMMARY 
Pricing methods which can be adopted to prepare 
' 
the build-up library, and price the bill 
items in typical building projects have been explained in this chapter. Chapter 6 
presented the proposals developed in this research to solve the problem of inefficient 
data management at the post-tonder works. It was proposed *(in Chapter 6) to prepare 
the contractor's copy of the estimate by splitting the unit rate to its components and 
providing a breakdown of resource requirements for each bill item. To obtain the 
breakdown, contractor's estimator should use resource and build-up libraries, and price 
systematically at the tender pricing. The estimator should have a clear understanding 
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about the approaches that he could follow to price different bill items. This chapter 
provided a guide, based on which the estimator can develop his own methods. 
Standard calculation procedures in estimating (unit rate estimating, operational 
estimating and spot rating) were explained. Examples for these calculations have been 
illustrated in tabular format for easy understanding. The use of libraries and the use of 
calculation procedures at the tender pricing were explained. It is recommended to allow 
total flexibility in the preparation of the basic rate. This can be achieved by using 
libraries and estimator's experienced judgements at the tender pricing. In fact, the 
estimator has total freedom to select the pricing method from different combinations of 
libraries and calculation procedures. The final refinement of the basic rate should be 
allowed at the tender pricing to exercise the estimator's knowledge and experience. 
Pricing methods that can be followed to price the bill items in; (1) Preliminaries, (2) 
Excavation and earthwork, (3) Concrete work, (4) Brickwork and blockwork, (5) 
Roofing, (6) Floor, wall and ceiling finishings, (7) Plumbing, and (8) Repairs and 
rehabilitation work were briefly explained. It should be noted that these methods are not 
rigid rules but should be taken as guide lines for estimating in building works. These 
methods have been successfully used for two test projects (typical building projects) 
and one live project, and represent the experience and knowledge of estimators who 
were responsible for those projects. However, some estimators may find different 
techniques as moreý suitable for their organizations depending upon their method of 
approach and the ability of working with libraries and computers. 
In Chapter 6, the solutions proposed in this research to solve the problem of inefficient 
data management in the post-tender works were explained. The proposal was to prepare 
the contractoes copy of the estimate with a breakdown of resource requirements for 
each bill item. This chapter described the pricing methods which can be used to prepare 
breakdowns for bill items in typical building projects. Next, in Chapter 8, the 
contractor's management work in typical building projects and the improvements that 
can be achieved from the new approach for such work is briefly explained. Feasibility 
of preparing the contractor's copy of the estimate at the estimating function, and the 
testing of the improvement in the re-work after the introduction of the new approach is 
explained in Chapter 9. 
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Chapter 8 
USE OF CONTRACTOR'S COPY OF 
THE ESTIMATE 
8.1 INTRODUCTION 
8.2 ESTIMATING 
8.3 PURCHASING 
8.4 PLANNING 
8.5 SITE MANAGEMENT 
8.6 QUANTITY SURVEYING FINXNCIAL'CONTROL" 
8.7 SUMMARY 
8.1 INTRODUCTION 
In Chapter 6, proposals formulated in this research to solve the problem of inefficient 
data management in contractor organizations were explained. - It was, proposed - to 
prepare the contractor' s copy of the estimate by splitting the unit rate to its individual 
resource components and providing a breakdown of resource requirements for each bill 
item. The recommended structure for this breakdown was a full analysis of: code, unit, 
rate, quantity, cost, waste, quantity/unit and cost/unit of resource required for every 
item of the bill. Chapter 7 described the methods of pricing which can be adopted to 
prepare breakdowns for bill items in typical building projects. Strategies which can be 
adopted to obtain the breakdowns for individual work items in the best possible manner 
also were included in Chapter 7. 
This chapter briefly explains the contractor's management work in typical building 
projects and the improvements that can be achieved fi-orn the new format of the estimate 
for such work. It should be noted that it is not the intention of this research to propose 
any new methods for contractor's management work, but to investigate the possibility 
of reduction of re-work in existing data management systems by improving the format 
and presentation of estimating data. Therefore, only the possibility of improving data 
handling in existing methods of management work is described. 
Contractor's management work are documented under the management functions; 
estimating, purchasing, planning, site management and quantity surveying in the same 
manner that was observed in the case studies (Chapter 4). Typical management work 
for these functions were obtained from published books (Baldwin and McCaffer 1984, 
Pilcher 1985, Harris and McCaffer 1989) and discussions undertaken with practising 
professionals. It could be identified that the new approach would increase the data 
availability and reduce the re-work involved in these works. It is understood that all the 
work that come under these management functions cannot be fully explained in this 
thesis., Therefore,, only brief descriptions on important work in each management 
function are included. 
'i , 
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8.2 ESTIMATING 
The estimating department is the first department within a contractof s organization to 
have any contact with a prospective contract and is required to deal with documents 
prepared by the client or his representatives. The estimators in the course of preparing 
an estimate and tender liaise with the client or his representatives and internally, in the 
company, with purchasing staff, planning staff, site management staff, quantity 
surveying staff and higher management. Thus the estimators' tasks are not simply ones 
of calculation but of managing fairly complex process of assimilation of the contract 
details , liaising and co-ordinating with all the parties involved, collecting the relevant 
data, calculating the costs involved and explaining it to higher management. The 
estimator uses the B. O. Q. as a source of measured data for, these activities. For 
example, prior to obtaining quotations for cement prices, the estimator calculates the 
total amount of cement required for the project to negotiate credits and discounts for 
bulk orders. Proposals presented in this research would improve the data availability for 
such activities, hence would increase the efficiency in estimating function. 
8.2.1 Obtaining quotations for material prices 
Due to the effects of inflation, the variance of delivery costs and quantity discounts, the 
estimator is usually required to obtain a quoted price for every major material to be 
included in the estimate. This requires a detailed list of all the materials, their 
specification and the total quantities required to be abstracted from the contract 
documents. The delivery dates for the materials are obtained from the outline 
construction programme. Enquiries sent to suppliers normally include; 
* the specification of material, 
* the quantity of the material, 
* the likely delivery programme including both the period for which, suppliers would 
be needed and the daily or weekly requirements, 
* the period for which the quotation is required remain open for acceptance, and 
* the date by which the quotation is to be submitted., 
Buying departments usually have standard letters or forms for issuing enquiries and, 
where convenient, parts of the contract documents -such as extracts from the 
specification or B. O. Q. - are photocopied to accompany the enquiry. It can be clearly 
seen that, a well defined coding structure which has cross references to each contract 
document, and breakdowns of resource requirements prepared for every bill item as 
proposed in this research, can substantially improve this activity. 
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Because of the constraint of time allocated for tendering, the estimators are unable to 
wait for materials quotations to be received before proceeding with the calculation of 
costs for each item, or group of items of work. It is, therefore, common practice 
amongst estimators to assume prices for materials and proceed with their cost 
calculations using these assumptions. These assumed prices - are based on recent 
quotations for other projects (may be stored in libraries) and the estimatoes knowledge 
of current price movements. When the, actual quotation is received the estimator's 
calculations are adjusted to take account of the differýnce between the assumed material 
price and the actual quotation. If time permits, this can be done on an item by item 
basis. If, as is frequently the case, time does not permit, a global adjustment should be 
made somewhere in the estimate to take account of these differences. If the estimate is 
linked to libraries with codes as proposed in this research, these adjustments can easily 
be carried out. -, I 
The estimator is required when checking quotations to ensure that the materials meet the 
specification of the contract documents and can be delivered to the site at the times 
required by the construction programme. In addition the contractual obligations to be 
entered into for the supply of the material must be satisfactory. The aspects of a 
materials quotation to be checked include that; 
the quotation covers the actual material stated in the drawings, 
the material meets the standards described in the specification, 
the quantity is appropriate to the total quantity required in the works, 
the delivery period and programme meet the time required for incorporation in the 
works, and ýý'IýIII 
whether the material is offered on a firm price basis or at prices ruling at the date of 
delivery. 
The determination of the materials prices for inclusion in the direct cost estimate may be 
considered to be one of the most precise aspects of estimating. The process of obtaining 
materials prices as has been described can be seen to consist solely of contracting 
suppliers' who, have the material ý available and negotiating a suitable rate under 
satisfactory contractual conditions. In addition, the estimator has to undertake the more 
difficult task of determining allowances for material wastage, damage, theft and 
delivery discrepancies in so far as they affect the costs of the works. 
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8.2.2 Obtaining sub-contractor quotations 
As with material quotations, sub-contractor quotations take time to assemble. Following 
receipt of the quotations they must be compared and the sub-contractors selected. The 
rates for the selected sub-contractors will be included in the estimate together with 
allowances for attendance and other services. The profit to be added to the main 
contractor's own sub-contractors and to the nominated sub-contractors may be included 
at the estimating stage or left until the final additions following the tender meeting. 
Unlike materials quotations it is not common for estimators to make assumptions with 
regard to sub-contractors' rates but rather to wait until the actual quotations arrive 
before including them in the estimate. The difference between materials and sub- 
contractors is that in most cases the materials costs are combined with plant and labour 
to produce costs rates for items of work whereas the sub-contractors', rates in many 
cases will stand on their own together with an allowance for attendance. Thus, major 
calculations are not delayed, as in the case of materials, whilst awaiting for sub- 
contractor quotations. However, some estimators, knowing their sub-contractors for 
long periods, assume the rates and include in the preliminary estimate to derive the basic 
cost which is used to calculate the over-head and profit percentages. 
As part of the preliminary study, the work that is to be sub-contracted would have been 
identified by the estimator. The factors that control the decision of which work to sub- 
contract are mainly the specialization of the work involved and the size of the contract. 
Most contractors establish by practice the type of work they normally sub-contract. In 
undertaking contracts larger than usual a company may wish to sub-contract some work 
they would normally undertake themselves, the reason being to off set some of the 
financial risk. 'Me absence of a direct financial risk in sub-contracted work is not a total 
security because of the indirect risk of losses caused by delay and disruption to the main 
works if the sub-contractors default. For this reason effective control of sub-contracted 
operations is important and this control begins with the selection of sub-contractors. 
Most companies keep a list of approved sub-contractors for various classes of work as 
a guide to estimators in the comparison of sub-contractor quotations. An effective 
coding system with defined libraries can be used for this purpose. 
In issuing enquiries and negotiating a contract with a sub-contractor the estimator 
should ensure that the following details are explicitly described and are agreed in 
writing, preferably as part of the quotation, but certainly as part of the contract that will 
be entered into between the main contractor and the sub-contractor should the work 
proceed. 
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* The subýcontractor programme should be stated in a reasonably detailed form, giving 
a realistic work sequence and a timed programme. 
* The contract stage at which the service is required. 
* The sub-contractor's responsibilities with respect to making good other work should 
be smted. 
Specific instructions from the client regarding materials to be used or work practices 
adopted must be given. 
Site safety and industrial relation requirements must be followed. 
The above information is primarily obtained by the estimator from the contract 
documents and the construction programme. Appropriate sections of the conditions of 
contract and specifications are usually copied direct from the contract documents and 
forwarded to the sub-contractor with copies of the drawings. Photocopies of the 
relevant parts of the B. O. Q. are also supplied. An efficient coding structure to the bill 
items with cross references to other documents (drawings and specification) would 
substantiaUy increase the efficiency in these works. 
8.2.3 Estimating'ihe direct costs 
The estimator's task is to detern-dne the cost to the contractor of executing the work 
defined in the contract documents. This cost estimate will be modified by higher 
management in consultation with the estimator to determine the tender or selling price. 
The estimator establishes the direct cost rates for each item in the B. O. Q. A direct cost 
rate is a rate for the labour, plant, materials and sub-contractors, but exclusive of 
additions for site over-heads, head office over-heads and profit. These will be assessed 
and included later. Determining a direct cost rate involves selecting the appropriate 
resources of labour, plant and materials for the item of work (either a single bill item or 
group of bill items), selecting the output or usage rates for each resource or determining 
the elapsed time that each resource, labour and plant, will be employed and combining 
this with the cost information collected. 
The all-in rates for labour and plant are calculated at the start of the estimate. Materials 
and sub-contractor quotations are obtained during the tender period and incorporated as 
and when they are received. The production times or output rates used in calculating the 
direct costs are obtained by estimating techniques known as operational estimating, unit 
rate estimating and spot rates. These are described in detail in Chapter 7. It is 
understood that, a coding structure and a well def: ined library system as proposed in this 
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research would substantially increase the efficiency of these works. The feasibility of 
adopting the new approach at the estimating function is described in Chapter 9. 
8.3 *PURCHASING -,, - ýl 
The procuring of materials, equipment and services required for the operation of a 
business, is essentially a service function; the main object being to purchase at the 
minimum overall cost consistent with suitable quality, and availability. In the 
construction industry the chief problems have been the acute basic materials shortages 
caused by politically induced fluctuations in activity, and the general inability of the 
building materials producers to confirm to the policy of fixed prices for an appreciable 
period ahead. Since the materials content of a contractor's costs often amount to 50% or 
more, the buyer carries a heavy responsibility, and in the face of severe competition and 
fine profit margins effoýS here may mean disaster. Moreover it is easier, to avoid 
spending money than it is to recover it later. 
Purchasing must be closely co-ordinated with other functions of management for the 
work of a buying department can be most helpful to other activities of the business. 
These relationships include the followings. 
Policy decisions are necessary on whether to centralise buying at head office or to 
decentralise at least for the larger contracts, and whether to buy on contract, ie; for 
large amounts or long periods, those materials such as cement or petrol that are 
commonly required, as an alternative to the more usual current market. 
Production must be kept advised of the current delivery position and of new materials 
which may interest them. For this reason it is necessary to keep supplier's records 
and a good catalogue library. 
Estimating depends upon quotations'for tenders, the supply of technical data, and 
news of price trends and material shortages. 
Accountancy requires legal and other conditions of contract to be checked and 
invoices to be verified. 
These co-ordinations are fully benefited by the proposals put forwarded in this 
research. Each resource has a distinct code to be identified, and breakd6wns provide 
resource requirements throughout the contract period. 
204 
$. 3.1 Purchase order 
The requirement for a purchase is usually presented to the purchasing department in the 
form of a requisition, with duly authorized signatures according to company 
procedures. The various. items to be acquired by the purchasing department include 
items such as; specific materials, sub-contracts, contract services and commodities, 
fixed assets and heavy equipment. The requisition establishes the amount and 
specification of the item to be acquired. It is up to the puTChasing department to select 
the supplier through its organized procedures, and then to determine method of 
transporting, receiving instructions, and definite schedules. In addition, the purchasing 
department often is responsible for the handling of major stores, and inter-and intra- 
company deliveries. 
The method of origination of requisition is a function of the type of item to be 
purchased. These fall into two general categories, project and non-project. Non-project 
acquisitions are in terms of general fuels, fixed equipment, and general over-head 
support -such as job trailers, utilities, housekeeping for offices, and other items. The 
project requirements fall into three major classifications; materials to be stored on the 
site, materials to be delivered direct to the site and utilized, and sub-contractors to be 
performed in total. While the purchasing agent may initiate requisitions, these are 
usually developed by the project team, as, a result of analysis of the specifications, 
B. O. Q. and drawings or scope and requirements. The site representatives carry out all 
the work such as; identification of requirements (weekly, monthly etc. ), checking of the 
resources on site, preparation of requisitions forms (schedules) etc., and send the 
requisitions to the purchasing department. The B. O. Q. is substantially used for these 
purposes. The order and quantity must be exact but are a function of the number of 
items required and their relative cost. Generally, major items are more easily identified 
in items of exact quantities. The new format of the B. O. Q. which has. a fully 
breakdown for each bill item with specific codes for each resource item would ease 
these works. 
When the requisition has been received, purchaser orders either from existing purchase 
orders or directly, from suppliers for certain categories of equipment or materials. The 
majority of materials required by a contractor are ordered on bid. These bids may be 
requested on a job-by-job basis or may be for block quantities to be delivered over a 
period of time 
' -as 
in the case of fairly standard valves, piping, lumber, and other stock 
materials. Copies of orders should be distributed to the site office, the administration 
office if elsewhere, the quantity surveyor responsible for measurement and anyone else 
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affected. -Apart from special purchases of non-recurring items for individual projects, 
and quantity orders for basic components such as bricks, orders may be placed for 
long-term requirements of materials like concrete aggregates where the total quantity can 
only be stated within limits,, while associated items purchased from one supplier, eg; an 
ironmonger, may be covered by a blanket order. 
After the requisition has been processed and a determination made whether this is to be 
handled by direct purchase, blanket purchase, or quotation, a request for bid is made in 
appropriate cases. When the costing information is available, a selection is made. This 
may involve technical assistance from the site representatives in terms of review of 
response to determine compliance of specification -particularly where additions'or 
exceptions are mentioned. Cross checkings of these kinds are fully benefited from the 
new approach. The requisition may be computer generated, particularly if the estimating' 
phase has been properly computerized. Computerization may initiate in the purchasing 
department at the requisition level. 
8.3.2 Scheduling of ý- items 
The usual method of establishing delivery date is through the intuitive but arbitrary 
assignment of date by the site management. These field-need dates frequently shift 
during the progress of the project, and more advanced project purchasing departments 
keep apprised of these'changes through advanced scheduling techniques such as the 
Critical Path Method (CPM). If the overall project is not being scheduled by CPM or 
PERT (Project Evaluation Review Technique), it is not feasible for the purchasing 
department to key. into the CPM approach. The participation of the purchasing 
department is vital to the success of an overall project scheduling system; 
The delivery of materials at an early time will not necessarily expedite or speed up the 
overall project, because progress of other activities, as described by the CPM, actually 
controls the earliest possible starting time. However, failure to deliver key materials for 
various activities may delay a project indefinitely. Ibus, unfortunately, the purchasing 
agent faces a difficult enigma; if he delivers late, he delays the project, if he delivers 
early, the site management complains about extra handling and storage requirements. 
The problem reaches its most acute stage in urban areas where- the site management may 
have to lift materials directly from truck right to the final location. The process of 
scheduling can be easily undertaken if the activities are identified with corresponding 
resource requirements. B. O. Q. items are usually distributed in the activities, hence a 
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fully breakdown of resources would definitely improve the scheduling. Codes, if used 
effectively, can be employed to sort the resources for efficient scheduling. 
8.3.3 F ollow-up operations 
Since production depends upon the right quantity of components being delivered at the 
right time, it is essential to organize prompt receipt by following-up or progressing 
orders. As explained earlier, in present supply conditions it is difficult to strike a happy 
balance between the necessity for ensuring that everything is available on time and the 
desirability of avoiding double handling. Delivery programmes and schedules should be 
forwarded to all suppliers, and follow-up action should begin with a reminder, possibly 
a standard post card, followed by increasing pressure and personal contact in difficult 
cases. Should it become necessary to alter or cancel an order, the same procedure of 
written offer and notified acceptance must be followed to ensure legality. 
The simplest form of progressing system is to file outstanding requisitions or orders in 
delivery date sequence, so that, each morning, deliveries due can be noted and 
immediate action taken if not received by the afternoon. If a record card is attached to 
each overdue order then details of chasing action can be entered for information 
purposes. Sheets can be re-filed in order of revised promises so that a continuous watch 
can be maintained and action prompted whenever necessary. The suppliers of important 
items can be reminded at a pre-determined check period, to obtain confirmation of 
delivery dates, or uncover difficulties in -time for effective action to be taken. Once 
again, it is essential that everybody concerned should be advised of the latest position 
by progress reports. Against each resource, B. O. Q. items affected can be noted so that 
the damage to the progress'of the work can be directly observed. Codes Can be 
effectively used for this purpose. Follow-up works undertaken in material handling at 
sites are described under Section 8.5.3, resource management. 
I-I 
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8.4 PLANNING 
Construction planning is generally concerned with completing a contract in the shortest 
possible time, compatible with economy. Prior consideration must be given to the plan 
of campaign so that the client can be given the intended completion or handing-over 
dates, and suppliers and sub-contractors may be notified when their goods or services 
will be required. Moreover, the contractor himself must know what his future 
commitment will be for staff, labour and plant. It is of the greatest importance that an 
adequate period, before starting site operations, is made available for the proper 
planning of equipment and methods, ordering of materials, and preparation of a 
balanced programme. Obviously the time necessary will vary with the size and nature of 
the project, but this essential preliminary can affect the whole course of the job. 
8.4.1 Pre-tender planning 
Pre-tender planning is a systematic approach to the problem of anticipating and 
forecasting the probable costs of construction and to accurately determine these costs at 
the estimating stage which are not always readily apparent from the B. O. Q. and detailed 
drawings. The object of pre-tender planning is to reduce, or eliminate, the risk of 
inaccurate opinions influencing decisions which affect the pricing of the estimate. By 
harnessing the resources and experiences of. the company to guide the estimator when 
he is considering, items of risk, or more difficult structural problems, he is better 
enabled to calculate a more realistic and accurate assessment for the work involved. 
It is of paramount importance that team spirit is created and fostered throughout the 
preparation of an estimate. Decisions which will affect the cost of the job should be 
made by the estimating department but always in close co-operation with the other 
members of the contractor's construction staff. Informal meetings should be arranged 
from time to time in order that the more important matters can be discussed fully, and 
that the facilities of other specialist departments within the builder's organization can be 
called upon. It is a sound idea for the contractor to appoint a contracts manager, who 
would possibly be responsible for the work should the tender be successful, to act in an 
advisory capacity during the pre-tender planning and, together with the estimator and 
other interested parties, to be responsible for reaching major decisions affecting the use 
of plant, methods of construqtion etc. If the estimate is prepared as proposed in this 
research, it could be used as a guide in arriving at these decisions. 
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It is extremely difficult to anticipate the extent of time to be taken up by specialist sub- 
contractors at the pre-tender planning stage. Every effort should be made to obtain from 
the client the names of the important nominated sub-contractors, for example, structural 
steel work. A preliminary discussion may then take place to establish a reasonable and 
realistic time for the completion of the key specialist works which would largely 
detemAne the duration of the contract. 
The broad view of the project is provided by the pre-tender programme which must 
embrace all major operations, showing the period of completion for each separately, as 
well as their realistic relationship one with the other. 'Mis will provide a sequence chart 
based on the information available from the method statement, and the pre-tender 
report. The B. O. Q. items corresponding to each activity should also be clearly defined. 
It is then possible to calculate the plant schedule and the schedule of site on-costs from 
this programme. 
8.4.2 Pre-contract planning 
In Section 8.4.1, the importance of systematic research and investigation into the 
information available at the tendering stage, to enable the estimator to submit a realistic 
and competitive estimate was considered. If full advantage is to be gained from this, 
then the successful contractor must further develop and expand the investigation to 
cover the work stage by stage in detail, before actual building operations begin. Any 
system of overall pre-contract planning should provide an opportunity for the 
supervising site staff to consider carefully the amount of work to be undertaken, the 
methods to be adopted and the timing of its execution. 
As a general guide to the preparation of a programme, the contractor and his 
supervisory staff need the following information; 
"A broad picture of the work showing the main operations and their sequence. 
" How long each operation will last. 
" The estimated labour strength required in order to complete each operatio 
*n 
as planned. 
" The type of plant and output required to achieve the time period for each operation. 
" The type and amount of material needed for each operation, and the latest date for 
delivery. 
" The details of specialist sub-contractors' work insofar as it will affect the progress of 
the builder's own operations. The time period required to enable the specialists to 
complete their work. 
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* The latest date when outstanding information, detailed drawings and specifications or 
samples approved must be finalized in order to ensure continuous and smooth 
running of all operations (sub-contractor work as well as main contractor). 
* Provision to record actual progress in relation to anticipated or planned progress. 
It will be appreciated that a large proportion of this information is difficult to obtain at 
the outset of any contract. It does, therefore, call for close team-work on the part of 
those principally concerned -the client and consultant, to settle design details; the 
quantity surveyor, to provide accurate quantities and reliable information about the 
nominated sub-contractors and suppliers. The contractor's problem of obtaining co- 
operation from them all is a challenge to the finest qualities of organising talent. I 
The B. O. Q. plays a very important part in planning the work. For planning purposes 
the bill represents an analysis of each and every operation involved in the complete 
construction. When priced, it constitutes the build-up of the tender but to the planner 
and the construction staff it is more than a quotation -it becomes a schedule setting out 
the estimated cost for labour, plant and material, amongst other things, for each unit of 
work to be'carried out. In order to provide an accurate and reliable basis upon which to 
base a programme of work, the priced bill or bill rate must be broken down into more 
detail. The three main factors that should be concerned in calculating a time period for 
an operation are the; 
" labour output and cost, 
" plant output and cost, and 
" site supervision and site over-head requirement and cost. 
In consequently, the traditional method of pricing a B. O. Q. showing acomposite rate' 
for each item is insufficient to provide the planner with a basis for his calculation. The 
new format, proposed in. this research, would provide the necessary details for 
planner's calculations, hence would reduce the burden. 
One of the essential planning tasks to be undertaken is the preparation of a labour 
requirement chart. This is particularly important with regard to the work that the main 
contractor is to carry out from his own resources. The approximate quantity of work 
should be assessed from the B. O. Q. The labour man-hours associated with that work 
should be assessed by using the labour element of the billed rate for that work item. For 
example, if the total rate for one cube of concrete work appears in the estimate as 100/- 
(excluding the margin for profit and over-head), th 
' 
is rate can be broken down into those 
for labour, plant and material costs. These three rates, for the sake of example, might be 
35/-, 10/- and 551- respectively. If the total quantity of concrete work to be undertaken 
in a particular activity amounts to 17.8 cubes and the labour rate used in building up the 
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figure of 35/- per cube amounts to 10/- per hour; then the total time available for the 
concrete work in this activity can be calculated as; 
11.8 x 
L5 
= 62.3 hours 10 
Using -a- gang of 4 men the work should take approximately 15.6 hours, or two days. 
However, it is clear that the planner' s breaking down of rate may not tally with what the 
estimator has used. The usages also may not be. the usages'that allocated by the 
estimator, resulting incompatibility between the estimate and the schedules 
(programme). These discrepancies would not appear when the estimate is prepared as 
proposed in this research, since all the data that used by the estimator is clearly visible 
(and directly usable). After all, the planner does not have to do the calculations that 
were undertaken by the estimator in earlier stages. ýC 
8.5 SITE MANAGEMENT 
Managing and controlling a construction project is a continuous activity that begins with 
a successful tender and ends with a satisfactory final account. Effective control entails a 
regular comparison of actual progress or performance against the pre-determined 
intentions or requirements, followed by the initiation of appropriate action to achieve or 
maintain the desired objectives. The proper direction and speed cannot economically be 
attained by force, but require the creation-of conditions that will encourage self-control, 
and foster the team spirit that is so essential to a happy and efficient contract. 
8.5.1 Short term planning 
In Section 8.4.2, the preparation of the overall plan before attempting work on site, 'or 
the pre-contract planning, was explained. This provides the supervision and the 
management with a broad view of the contract as a'whole. It I'S understood that the 
effectiveness of planning is directly proportional to the extent to which the component 
which is being planned can be controlled. For the benefit of overall planning to be 
maintained after work has commenced, the progress must therefore be controlled and 
the work ahead kept under constant review. Short term planning is a, periodic 
consideration of the progress to date for each and every operation in the master overall 
plan. It also embraces a 'forward view' of the work to be carried out for a short period 
ahead. This period will depend upon the circumstances but it usually varies between 3 
to 5 weeks. 
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The purpose of preparing short term plans is to keep the master plan 'alive' and 
responsive in the light of changing or unforeseen circumstances. Nothing can be gained 
by leaving an out of date and unrealistic plan pinned up in the site office. This document 
must be kept up to date. ý Not only must it show the progress of work but also provide 
an accurate forecast of operations to be undertaken in the immediate future. The 
B. O. Q., if prepared with breakdowns of resources for each item, would help the site 
agent to update these charts. While accurately recording progress and considering the 
future, every effort should be made to recover any 'lost time' and the aim should 
always be to get back on to the original programme, if possible. Should the contract be 
running to schedule, or possibly ahead, a great benefit can be obtained by reviewing 
future delivery dates etc. for any items that are still outstanding. Cross connections to 
B. O. Q. items should always be made to gather the relevant data on resources and 
quantities. I 
Short term planning is intended to aid and assist the site supervision in exercising a 
control over the progress of work. However, a good site agent will agree that it is far 
safer, as well as more business-like, to keep a chart showing what is to be carried out 
several weeks ahead, rather than to trust to memory. He is then released from guess 
work, for not only can he tell at a glance how things are progressing, but it puts him in 
a very good position to answer questions at short notice. The work involved in 
preparing these charts could substantially be reduced by the new proposals, since the 
data availability is increased. 
8.5.2 Contract supervision 
Supervision may take several forms, depending upon the size and nature of the 
particular project, and the peculiar organization of the contractor. A small, local job 
might be controlled centrally, with a site agent on the site, daily visits from a contracts 
supervisor and strategic decisions taken by the contracts manager at head office. 
Alternatively, a large and distant site may be run by the site agent, directly supervised 
by the project manager. In both instances however, the principles involved are the 
same, and only superficial details of administration and communication should vary. 
Planning and organization provide the strategy and means for subsequent control and 
co-ordination and site management like any other executive function makes use of the 
$exception' principle. This implies a constant interchange of information, which in turn 
pre-supposes good communication systems for the effective transmission of ideas, 
instructions, and details. 
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Each of the individual components that together comprise either a building project or 
civil engineering undertaking, must be carefully marshalled and monitored to ensure 
that adequate quantities, of the proper item, to the correct quality, arrive in the specified 
place at the required time. These components are labour, plant, materials and sub- 
contractors. 
8.5.2.1 Labou , 
Although the site agent is responsible for the engagement and direction of operatives, it 
is desirable to have a department at the head office which acts as a clearing house and 
advertises vacancies, etc. It is usual for the consultant to require a daily or weekly 
statement of labour strength, and this may be used to compile a graph (or histogram), 
which illustrates the forecasted labour requirements and the actual labour on site against 
the time period. This, however, is only an approximate guide, and a regular comparison 
with the anticipated requirements of particular tradesmen would be more helpful. The 
maintenance of the requisite labour force must of course be judged in conjunction with 
the progress record. It is obvious that the new proposals would increase the data 
availability for these tasks, hence improve the work. ' 
8.5.2.2 Plant 
The method statement and more particularly the plant schedule prepared during the 
planning stage should be used to ensure that machines are brought on to the site at the 
appropriate time. Equally important is the necessity to return equipment as soon as it 
becomes redundant. Method study techniques may be employed to raise the level of 
plant utilisation, while instruction in the correct use and insistence on regular 
maintenance is essential if standing time due to breakdowns is to be avoided. 
8.5.2.3 Materials 
Timed schedules of requirements prepared in conjunction with the contract programme 
should ensure that the materials are requisitioned and ordered in good time, and assist 
the chasing of deliveries when suppliers fall down or earliest despatch has to be 
affected. To check that all components are actually requisitioned, it is helpful to prepare 
a materials schedule, and thus provide a means of supervising the initiation of 
purchasing. More detail on material management is included in Section 8.5.3, resource 
management. ; 
8.5.2.4 Sub-contractors 
Copies or abstracts of all relevant programmes, drawings, schedules, instructions, etc., 
must be speedily passed on to the sub-contractors concerned. In turn, their labour 
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strengths and progress achievements should be recorded, and any labour, material or 
information difficulties noted and followed up. Any labour or supervision provided by 
the main contractor also should be carefully monitored with the allocated amounts in 
schedules. An initial site meeting to settle queries and discuss trade sequences and 
attendance requirements, can greatly improve co-operation. 
8.5.3 Resource management 
Apart from specific components that may be inspected during manufacture at works, the 
delivery of all materials should be checked on site for shortages or damage. Haulage 
tippers must be inspected to ensure that they are loaded to the capacity being paid for, 
and meticulous records should be kept for all hired plant. Unloading may be supervised 
by a storekeeper or materials checker or by foreman, but a clear routine should be 
established, particularly on the larger or more open sites. Bulk deliveries such as 
aggregates or ready-mixed concrete should receive spot checks; any goods not 
examined should be signed for as such and checked as soon as possible afterwards. 
Materials below standard, eg: dirty sand or deformed bricks, should either be rejected 
or retained awaiting disposal instructions and the delivery ticket signed accordingly. In 
addition, basic building materials including bricks, cement, etc., should be recorded so 
that periodic reconciliations can be made between deliveries, stocks and usages as a 
check on wastage or other losses. Cross checks should always be made between the 
quantities in the bill, actual used quantities and the received quantities. Ilie breakdowns 
(proposed in this research) would therefore, substantially increase the efficiency of the 
site agent. 
A competent storekeeper is a necessity and an investment on any sizeable contract, both 
for the adequate control of bulk stocks and the identification and location of special 
components and materials. Activities include the basic recording of receipts and issues, 
the operation of minimum re-order levels, accounting for returnable packages and 
empties, transfers between contracts and loan issues to site personnel, disposing of 
scrap, annual stock-taking, and security arrangements by watchmen. Standard 
procedures should be laid down for the efficient operation of these various aspects. 
Information from the delivery tickets or checkers' notes is recorded by the goods 
received clerk, and this is later used to verify that the goods charged on invoices have 
actually been delivered. The invoices are then compared with the original orders to 
confirm that correct materials have been supplied at the agreed prices, and can then be 
authorized for payment. Similarly the work of the labour-only sub-contractor is 
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measured weekly and an authorization issued for each payment on site. Sub-contractors 
are measured monthly by the surveyor, and together with nominated sup 
, 
pliers' 
accounts are included in the intention certificate for payment by the accounts 
department. Specifications should be cross checked to see whether the receipts meet the 
requirements, and the sub-contractor work meet the standards. Issues to the site should 
be recorded with the descriptions of bill items which use the resources so that the actual 
use of resources could be monitored and cross checked with the estimated resources. 
An effective coding system and preparation of breakdowns for each bill item as 
proposed in this research would improve this activity. 
8.6 QUANTITY SURVEYING / FINANCIAL CONTROL 
Only the cost engineering aspect of the quantity surveying is considered in this 
research. Cost engineering is the application of procedures to minimize cost in relation 
to the budget estimate prepared for any specific project. The objective will be to keep 
the management advised of the current cost status of all projects. This function will be 
accomplished by analysing and controlling costs, maintaining an orderly system of 
records and reports, measuring the progress or work accomplished, and forecasting the 
total cost picture against a budget or control estimate for each project. The estimate, 
together with all document defining the scope of work and approved or finalized in a 
signed contract with a client, will be the control document for any specific project. 
Therefore, it should be prepared as a ready-to-use document which will provide the 
controller (quantity surveyor) the estimator's data for direct use. The proposed format 
to the estimate would fulfil this requirement. 
8.6.1 Cash flow forecasting 
There is evidence that some smaller companies confuse profit flows with cash flows 
and make misleading calculations (Harris and McCaffer 1989). A cash flow is the 
transfer of money into or out of the company. The timing of a cash flow is important. 
There will be a time lag between the entitlement to receive a cash payment and actually 
receiving it. There will be a time lag between committed to making a payment and 
actually paying it. These time lags are the credit arrangements that the contractors have 
with their creditors and debtors. It is these credit arrangements, stock levels and 
depreciation that make cash and profit different. 
Some companies forecast their cash flows for only a few months ahead (three or six 
months). This is not adequate and does not look far enough ahead. The factors which 
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affect cash flows are the duration of new projects, the profit margin on thes-e 'projects, 
the retention conditions, the delay in receiving payment from the client, the credit 
arrangements with suppliers, plant hirers and sub-contractors and the phasing of the 
projects in the company's workload and the late settlement of outstanding claims. As 
many projects last one, two or three years the cash flow forecasts should also look this 
far ahead. 
Some companies quickly point out that forecasts are guesses and therefore are probably 
wrong and useless* and not worth the effort. ' However, this argument is equally 
applicable'to estimating, which is essential to a company's operations. Cash flow 
forecasting is, like any forecasting, the result of calculations based on the information 
available at the time and a few assumptions as to what will happen. If, as is likely, the 
data contained in the information changes or the assumptions alter, the forecast will be 
in error and a new forecast is required. When a company equips itself to forecast its 
cash flows efficiently and without great expense it usually forecasts every quarter, and 
in some cases every month. This is sufficient to monitor the everchanging situation. 
The contractors who undertake cash flow forecasting do so at two levels. One is at the 
estimating and tendering stage, when the forecast is just for the single project being 
estimated. The other level is the calculation of a cash flow forecast for the company, 
division or'area; this involves aggregating cash flows for all active projects and is done 
regularly every quarter or every month. These two types of forecasts require different 
treatments. The estimator has all the project details at the estimating stage and, because 
the forecast applies only to one'project, the estimator can produce a carefully calculated 
forecast based on these details by allocating bill items to'activities! on the. pre-tender 
programme (bar chart or network). This creates a direct link between the estimator's 
build-ups for each item with the pre-tender construction programme and allows the 
production of value verses time and cost verses time, curves from which 'cash in' and 
'cash ouf can be calculated. The new format with the breakdowns for each bill item 
would improve the'data availability for this'activity, hence would increase the 
efficiency. -However, this calculation is too detailed to be repeated for every active 
project, every quarter or every month and so the contractors devise short cuts when 
undertaking the company or divisional cash flow forecasts. 
Cash flow forecasting is'strongly advisable. And fbi the forecasts to be meaningful they 
must be done regularly, and for forecasting to be done regularly the method must be 
simple and easy to do and yet accurate enough for the purpose. It is essential therefore 
to reduce the data required for cash flow forecasting to the minimum possible 
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compatible with reliable forecasts and to streamline the necessary calculations. In 
construction companies the most appropriate approach is to calculate cash flows ona 
project basis and aggregate the cash flows from all projects and head office to form the 
overall company cash flow. This can be structured into divisions or areas for larger 
companies. The data required for a project include; 
*A graph of value v. time, value being the monies a contractor will eventually receive 
for doing the work, , 
*A graph of cost v. time, the contractor's cost liability arising from labour, plant, 
materials, sub-contractors and other cost headings as necessary, and 
* The project costs broken down into the above items. 
'Ibe estimate can be effectively used to derive the data if it is prepared with breakdowns 
of resources for each item. 
8.6.2 Interim valuations 
Interim valuations are a feature of all major forms of contract and the valuations 
mechanism represents the only source of income to the contractor for that particular 
project. Thus the importance of the chore of preparing interim valuations is clear. 
Differences exist with different forms of contract as to which. of the parties is 
responsible for preparation of the interim valuations. These interim payments are of 
such critical importance to a contractor's cash flow that no major contractor would be 
content to leave an interim valuation to the client' s representative, even when the 
contract permits this. Thus contractors are fixed with undertaking interim valuations 
usually at monthly intervals, although this can vary. The importance of these valuations 
are that they; control the contractor's cash flow, and provide financial information. 
The valuation of the work contained in the bill items is undertaken by one or a mixture 
of following methods. 
Measuring the dimensions: The physical dimensions of the works are ' measured and 
converted into quantities as used in the bill. Examples would be linear items such as 
kerbing, superficial area items such as site clearance, and cubic items such as volumes 
of concrete placed. 
Determining the quantities : Quantities may be derived from working up dimensions 
or assessed directly. to determine the quantities on which payment is based as follows; 
# volumes, areas or lengths of physical work 
# weights (eg; tonnes of reinforcements) 
# number of itemised units 
time (eg; weeks of supervision) 
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# sums of money (eg; insurance) 
" Assessing the value'earned : Values earned may be from lump sum items and 
assessing the value depends on identifying the completed lump sum items and totaling 
the amounts due. 
" Assessing'the future expenditure to completion : One alternative to measuring 
completed work* is to assess the remaining work to be done and deduct this 
assessment from the amount due. ' 
" Assessing percentages completed: Another alternative to measuring completed work 
is to visually assess the percentage completion of individual or groups of bill items. 
It is clear that the new format would not make any substantial differences to these 
works since the interim valuations are usually dealt with the actual work finished at the 
site. The estimate is only used to cross check the quantities of work done, the total 
quantities and the remaining work; and to extract the rates for preparation of interim 
payments. The composite rate is sufficient to"calculate the interim payments based on 
measured quantities. 
8.6.3 Cost control 
Cost control is a process that should be carried out throughout the life of a project, from 
the inception of an idea in the client's mind to final completion of the project and the 
final payment to the contractor who has constructed the work at the site. As a subject in 
the field of construction, it can be divided into two major areas; 
" The control of cost during the design stages so that the proposals under design fall 
within the original estimates for the scheme. 
" The control of cost, principally by the contractor, once the work of construction has 
commenced. This is an attempt by the contractor to keep the cost to him of carrying 
out the work within monies which will be paid to him by the client as a result of 
valuing the completed work in avoidance with pre-arranged rates and prices. 
This research is concerned with the second area, that of controlling cost during the 
execution of work. 
The most important day-to-day use of a cost control system is thatof drawing' 
immediate attention to any operation which is being pursued on a contract and which is 
proving to be uneconomic to the contractor. If a particular operation or process is being 
carried out inefficiently, immediate warning must be given to the contract management 
so that action can be taken forth-with to put the matter right. There is little point in 
having sound historical information when the operation is completed, because nothing 
can be done at that stage but accept that the operation was carried out inefficiently from 
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a cost point of view, if it is proved that a loss was incurred. In addition to providing a 
control facility over very short operational periods for current work, the cost control 
systems should -be such that overall financial control can be exercised and the 
relationship between the monthly valuations for work completed and the cost thereof to 
the contractor can be assessed at regular intervals. The different purposes of these two 
areas of control are that the day-to-day warning is required by the immediate site 
management and the overall financial control on, say, a monthly basis is for 
management at a higher level. 
The second function of a cost control system is to provide feedback to the estimator 
who was responsible for pricing the tender in the first instance and will be responsible 
for pricing more tenders in the future. The value of such feed-back is often of a limited 
nature, due to the fact that, in construction work, conditions tend to vary very widely 
from one contract to another. Any feedback of this nature provided by a cost control 
system must be accompanied by a full and complete descriptions of the conditions 
pertaining to the particular costs. Such feedback tends to be most valuable when 
concerned with the output of machines, for example, excavators. Such outputs which 
will be fed back are best obtained when the machines operation is in full swing on part 
of a contract where it will be working more or less continuously for a reasonably long 
period such as two or three weeks. This period is long enough for the output to be 
averaged in such a way that it takes account of the normal day-to-day ups'and downs of 
operation. 
Thirdly. - the cost control system must provide data for the valuation of variations which 
may occur during the course of the contract. Frequently, during a construction contract, 
rates have to be calculated for operations which differ in one way or another from those 
originally conceived. The maintenance of proper cost records enables the contractor to 
strengthen his case for the build-up of a new rate and, although this is not all- 
convincing, since the contractoes operation may not be very efficient, at least there is a 
basis for ensuring discussions. 
The estimate prepared for any contract must be the basis for the cost control of that 
contract, if the tender is successful. It is desirable, therefore, that the figures which are 
prepared by the estimator before submitting the tender should be in a form suitable for 
use in cost control at a subsequent date. This does not mean that a cost control system 
should be tied to the rates in a B. O. Q. Whilst almost estimating methods allow for the 
ultimate pricing of a B. O. Q., the rates are rarely buil t up in strict accordance with the 
descriptions of the bill. On the other hand there is little point in the estimator receiving 
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feedback on costing'frorn the site if he is not able to compare this information with the 
information he assembled in the preparation of the tender. The new format proposed in 
this research would help to compare the feedback with the prices and the usages 
assumed in the estimate. 
In submitting a competitively priced B. O. Q. with a tender, the prime objective of the 
company concerned is to win the award of the contract. The object of pricing the 
B. O. Q. is to ensure that the company submitting the tender will be repaid the cost of the 
work to them plus a margin for their overheads, profit, and risk. It assumes that the 
work to be carried out within the contract will be carried out at the level of efficiency 
which was assumed at tfie'time of estimate. The estimate of the cost of the work, 
therefore, which is used in the control process will not necessarily coincide with the 
estimate as it was submitted in the tender. Certaiýl facts may have come to light since the 
award of the contract which will result in the making of a re-estimate and new thinking 
about the way in which the work will be canied out. One important piece of infbrmationý 
that is required from the estimate for the purposes of control, is a precise statement 
showing the cost of every operation involved in the work. The conventional bill does 
not provide those information whereas the new format with the breakdowns for each 
bill item at least supply the data for cost control. 
In making a comparison of the costs incurred with the priced B. O. Q. or the' estimator's 
analysis, a cost standard (Or cost target) is being used. It must be'remembered that this 
cost standard is one which is set by the estimator at the time of preparation of the 
estimate and one that falls within the estimator's judgement. However, as mentioned 
above, in the light of further information which becomes available it may be necessary 
to u se other judgements of a better-informed nature for the purposes of control. To 
prepare the cost targets, the estimated rates should be broken down into their 
components. If breakdowns are available in the estimate as proposed in this research, 
this process would be direct and accurate. 
There are number of cost controlling methods available in the industry (Pilcher 1985. ). 
Better methods of controlling costs must ultimately lead to more efficient and more 
profitable working. Unfortunately, in the contracting business, with the one-off project, 
it is impossible to obtain the 'before and after' figures. It is difficult to attribute direct 
benefits to the use of an improved cost control system, and, unfortunately, many less 
enlightened managers are interested only in looking at the additional cost of the 
implementation of such a system. The incorporation of improved systems in a 
company's activity can only be regarded in the long run as resulting in more successful 
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operations, even though it is impossible to put a figure to the advantages which have 
accrued. The degree to which a cost control system should be implemented depends 
very much upon the characteristics of the company involved and the nature of the work 
which they carry out. Another predominant factor in influencing such a decision must 
be the method of estimating which the firni adopts initially. If the detailed data cannot be 
obtained frorn'the initial estimate there is no measure but that of overall cost as to 
whether the contract is being carried out satisfactorily. 
8.7 SUMMARY 
'Me contractor's management in typical building projects, and the improvements that 
can be achieved from the new approach for such tasks were explained in this chapter. In 
this research, the possibility of reduction of re-work in existing data management 
systems by improving the format and presentation of estimating data has been 
investigated. Therefore, no attempts have been made to propose any new methods to 
replace contractor's existing methods of management of work. 
Contractor's management work have been explained under the management functions 
of; estimating, purchasing, planning, site management and quantity surveying. It could 
be observed that, the proposals would increase the data availability for all those work, 
hence would improve the data management in their functions. The estimate is used as 
the control document in every function, hence any improvement in presentation of 
estimating data would increase the efficiency in contractor organizations. 
Now, the possibility of obtaining improvements in management work by the proposals 
is established, the next step is to investigate the feasibility of carrying out the proposals 
in contractor organizations. This feasibility study carried out in two test projects, and 
the improvement study undertaken to observe the increase in. extent of use of the 
estimate after the introduction of proposals are explained in Chapter 9. 
221 
I 
Chapter 9 
TESTING'OF IMPROVEMENTS 
9.1 INTRODUCTION 
9.2 METHODOLOGY 
9.3 EXTENT OF USE OF NEW ESTIMATE 
(CONTRACTOR'S COPY) 
9.4 NEW EXTENT OF USE OF INFORMATION 
PACKAGES 
9.5 SUMMARY 
9.1 INTRODUCTION 
Chapters 4 and 5 explained the cun-ent data management and the inefficiency in the use 
of estimating data for post-tender works in contractor organizations. The proposals 
formulated in this research to improve the extent of use of estimating data were 
explained in Chapter 6. Chapter 7 presented pricing methods which can be used to 
prepare the contractor's copy of the estimate according to the new approach, and 
Chapter 8 described the contractoes management work in typical building projects and 
improvements that can be achieved from the new approach for such works. In this 
chapter, the investigation into the new extent of use of the estimate after the introduction 
of the new approach are explained. The investigation comprised a feasibility study and 
an improvement study. 
Two typical building projects (test projects) were priced in accordance with the new 
approach to observe the feasibility of administering the proposals. Brief descriptions of 
these projects are included in this chapter. Resource libraries, Build-up libraries and 
Tenders for these projects were prepared with the consultation of the estimators who 
were responsible for the works. Pricing methods implemented during the preparation of 
these documents are presented in Chapter 7. The test projects also were used to 
demonstrate the new approach to the professionals in the case studies. 
Eight case studies were used to observe the use and extent of use of the conventional 
estimate in post-tender works (explained in Chapter 5) was repeated for the new 
approach. Professionals in the case studies (same professionals in same case studies as 
earlier in Chapter 5) were asked to report the new use and extent of use of the estimate 
after studying the new approach and its possible use. As in Chapter 5, graphs were 
prepared for visual presentation of the collected data. Again, average values were 
calculated to establish the overall position of the probable new extent of use of the 
estimate in the industry. By comparing the new extent (corresponding to earlier use) 
against the earlier extent, the possible improvement that can be achieved by introducing 
the new approach to contractor organizations was established. 
As in Chapter 5, use and extent of use of each Information Package were investigated. 
Graphs were drawn for visual presentation of the collected data. The possible 
improvements that can be achieved in most crucial information packages by the 
introduction of the new approach also were investigated. 
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9.2 METHODOLOGY 
Objective of the 'improvement study' is to investigate the possible improvements that 
can be achieved to the extent of use of estimate in post-tender works by the introduction 
of the new approach. However, it is understood that, the new approach may not be 
appreciated by the estimators, if it would create complexities and tediousness in their 
work, even the data management in post-tender work would be highly improved. 
'Mereibre, the feasibility of administering the proposals at the estimating function was 
studied before investigating the data management in post-tender works. 
Two typical building projects were priced in accordance with the new approach in the 
feasibility study. These test projects, then were used to demonstrate the new approach 
to the professionals in the improvement study. Due to the restriction of time in this 
research, professionals in case studies had not have enough time to experience the new 
approach in actual projects. However, their experience with conventional estimate and 
its associated problems had helped them to perceive the benefits (or not) of the new 
approach from the test projects., 
9.2.1 Test projects 
Two typical building projects which had been priced according to the conventional 
methods were selected for the feasibility study. All the documents such as; take-off 
sheets, price sheets, calculation sheets, etc. which had been used to price these 
buildings were obtained together with the B. O. Q. for the preparation of resource 
libraries, build-up libraries and tenders in these projects. The estimators of these test 
projects volunteered to help and advise on pricing methods which were used to prepare 
the documents. 
9.2.1.1 Project I 
This is a four storied reinforced concrete frame building of a hospital complex. Ile 
B. O. Q. comprised 425 bill items under'the'headings of, 
Preliminaries, 
Sub-structure, 
Super-structure (RC Concrete, Reinforcement Steel, Masonry), 
Roof, 
Doors, 
Services (Electricity, Water'supply, Storm water, Waste water, Sewage disposal), 
* Fittings (Sanitary fittings, Other fittings), 
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Finishes (Floor, Walls, Ceiling, Painting), and 
Landscaping. 
The contractor from whom the documents of the project were obtained had estimated 
the costs of work of the building for Fourteen million Rupees -to complete.; The 
contractor's estimator had priced the items for direct labour work, and only the 
electricity work had been given for sub-contractors. The estimator had updated his 
standard unit rates for new prices of resources, inflation and market conditions. In fact, 
in most of the cases he had calculated the cost of unit work from first principles either 
by using unit rate estimating or operational estimating. Similar bill items had been 
priced using the same rate with little adjustments for height, size, shape, etc. The 
project gave the necessary experience of preparing the estimate according to the new 
approach in direct labour contracts. 
9.2.1.2 Proiect 2 
This is a two storied building of a school complex. The B. O. Q. comprised 150 bill 
items under the headings of-, 
" Preliminaries, 
" Earthwork. 
* Concrete work, -ý. I 
* Brickwork and blockwork, 
* Stone rubblework, 
*Roof work, 
* Wood work, 
* Plumbing, 
Electrical installation, 
Floor and wall finishes, 
*, Painting and decorating, and 
* Drainage. ,I 
The contractor from whom the documents of the project were obtained had estimated 
the costs of work of the building for Two million Rupees to complete. Since most of 
the contractor's construction work had been carried out using labour contractors, the 
estimator had priced the bill items considering sub-contracted labour rates. The 
estimator had obtained labour rates for the work from their usual labour contractor, and 
included them in his unit rates calculated for the work. This project was selected and 
used in the feasibility studyto observe the application of the new approach to'labour 
contract works. 
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9.2.2 Pricing'of test projects - Feasibility study 
Test projects were priced according to the new approach with the help of the estimators 
who earlier had priced those buildings for their organizations. Estimators provided all 
the data necessary to prepare resource and build-up libraries. In fact, their methods of 
pricing used in their estimates were used in the new approach with the help of codes, 
libraries and the computer. The principle was to prepare the new estimate (contractor's 
copy of the estimate) without deviating from the existing practice of estimating carried 
out in contractor organizations. By that approach, any difficulties (if emerged) 
encountered at the estimating function could be directly categorized as only due to the 
new approach since pricing methods were the same in both cases. After all, the 
objective of this research is not to propose new pricing methods but to use the existing 
pricing methods and prepare the contractor's estimate in better way to reduce the re- 
work in p9st-tender works. 
The preparation of codings, resource libraries, build-up libraries and tenders for these 
projects consumed about 6 months (4 months for project I and 2 months for project 2). 
In fact preparation of codes and libraries had taken considerable amount of time since 
classification and coding systems had to be modified in the process of building up the 
estimate to reflect the practising estimators' requirements. Constructive discussions 
were held with estimators during the process of preparing the build-up libraries and the 
estimate. Discussions were also held with site agents, planners, quantity surveyors and 
higher management to obtain the necessary fee I dback on the structure of the breakdown. 
The estimators had dictated the ýstimating process, hence the researcher's work was 
restricted only to prepare the codes, libraries and the estimate accordingly. Pricing 
methods adopted in this research are documented in Chapter 7 of this thesis. 
The CAE software package used in this research could not produce the breakdowns as 
proposed in Chapter 6. Therefore, the breakdowns for every bill item had to be 
separately calculated using a calculator extracting data from libraries and pricing 
methods. It should be noted that, it is the concept of preparing the contractor's estimate 
according to the new approach (contractor's copy of the estimate) that is investigated in 
this study. Therefore, any attempt to develop CAE software which can provide the 
breakdowns as proposed in this research was not undertaken. After all, when asked 
about the possibility of providing such breakdowns in the existing software packages, 
computer analysts and suppliers. promptly answered that it would just take one or two 
days to include such a facility in their packages. Therefore it was only the concept that 
had to be investigated before attempting to convince the suppliers on such requirements. 
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During the preparation of the documents, estimators' suggestions and criticisms 
towards the new approach were obtained. After seen demonstrations'of preparing the 
contractor's copy of the estimate using codes and libraries, estimators agreed that it is 
feasible to prepare the estimate according to the new approach with negligible extra 
effort compared to the conventional practice. The only problem that the estimators had 
cited was the preparation of libraries. However, experienced estimators can develop the 
libraries for their requirements within a short period of time. - In fact, the advantage of 
pricing through libraries in later projects would cancel out the initial problems. After all, 
it is a requirement of the CAE itself, hence should be compared with the effectiveness 
of CAE. More details on effectiveness of CAE is explained in Chapter 3 of this thesis. 
9.2.3 Feedback from professionals - Improvement study 
The data collection for this study was'carried out as same way as that carried out in 
Chapter 5. Same professionals in same case studies were approached to compare the 
extent of use of contractor's copy of the estimate to that of conventional estimate. Test 
projects were demonstrated to them to explain the preparation of documents and the 
possible use in post-tender works. 
Information in the estimate (contractor's copy) were grouped to same II Information 
Packages as explained in Section 5.2., It should be noted that, because of the inclusion 
of the 'pricing method' and the 'breakdown' in the estimate, some of the information 
packages now have more data than earlier. The 'quantities information package' now 
contains resource requirements for each bill items as; individual quantities, waste 
quantities and quantity per unit work in addition to the total quantity of measured work 
billed against each bill item. The 'quantity units information package' contains buying 
units of individual resource requirements in addition to the units of work for each bill 
item. The 'unit rate information package' now contains prices of resource requirements 
for each bill item as individual rates and costs per unit work in addition to the composite 
unit rate written against each item. The composite unit rate includes the basic rate 
(without over-head and profit), the over-head and profit rate, and the final rate. 
The same 21 management tasks (Table 5.1) and the same format of the data collection 
sheet (Figure 5.1) in the earlier study were used in this feedback collection. As in the 
earlier study, each task required a separate data collection sheet, hence 21 sheets were 
used in each contractor organization. 
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Each contractor organization (case study) was visited several times, and the 
management groups (same professionals who participated in the earlier study) were 
asked to provide their observations on relevant tasks. If the answer is 'YES' for the use 
of any information package for a particular task, the possible percentage extent of use of 
that information package should also be, answered by considering the re-work, 
amendments and repetition involved in the use. In fact, the same principles followed in 
the earlier study carried out to observe the use and extent of use of the conventional 
estimate (Chapter 5) were used. The only difference being that the professionals now 
feedback about the new contractor's copy of the estimate. - 
9.2.4 Data analysis 
After collecting the data on use and extent of use , marks were allocated to transform the 
data into numeric values. As in Section 5.4.2, each'YES'was given 10 marks, and the 
extent of use was calculated using the Equation 5.1; 
Extent = 10 X Percentage of use 
Ile two-way table prepared in Section 5.4.2 (Table 5.2) was modified as illustrated in 
Table 9.1 to include the- new 'Use' and 'Extent of use' of the contractor's copy of the 
estimate. The earlier 'Use' and 'Extent of use' observed in Section 5.4.2 were also 
included in this table for direct comparison. It should be noted that the 'Use' of the 
estimate may now be increased, and direct comparison of 'new extent' with the 'earlier 
extent' would give a false picture because of the increased use included in new extent of 
use. Therefore, only the 'new extent of use' corresponding to the 'earlier use! should 
be accounted for the comparison of extent of use of new contractor's copy of the 
estimate to that of the conventional estimate. To observe this, the column'New extent 
of earlier use' was included to Table 9.1. This column was prepared using the values in 
the 'New extent' column, -but only for packages which had earlier use. By this 
approach, the new and earlier extent of use were brought to the common base; 'the 
same earlier use'. 
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Totals for each task were calculated by adding vertically the marks given for each 
information package. As earlier, the maximum possible marks (Use) for any task was 
110. The average extent for each task was calculated as a percentage using the Equation 
5.2; 
Total Extent 
Average Percentage Extent Total Use x 
100 
The new average percentage extent of use of estimate (contractor's copy) for a particular 
case study could be calculated in two forms as illustrated in Table 9.1, using the 
following Equations; 
21 
Y. new % extent of task i New average percentage extent of use i7--i 
of estimate for the case study number of tasks 
Eq. 9.1 
21 
New average percentage extent of use of 
new % extent corresponding to 
estimate corresponding to the earlier use 
i7-1 earlier use of task i 
Eq. 9.2 
for the case study number of tasks 
As in Section 5.4.2, only the tasks which use the estimate (at least one information 
package) should be accounted in calculating these averages. It should be noted that only 
the second f6mr, the'new average percentage extent of use of estimate corresponding to 
the earlier use' can be compared with the earlier average percentage extent of use of 
estimate calculated in Chapter 5 and Appendix B (b)s to observe the change (an 
improvement or not) in the extent of use of estimate. 
Totals for each information package were calculated by adding horizontally the 'Use' 
and 'Extent' for 21 tasks. The maximum possible marks (Use) for any information 
package was 210., As in Section 5.4.2, the differences in 'Use' and'Extent of use, of 
each information package were calculated by subtracting the 'Extent! totals from 'Use' 
totals. It should be noted that only the differences. of 'New extent corresponding- to the 
earlier_ use' can be compared with the earlier differences calculaýed in Chapter 5 and 
Appendix B, Table (c). Results of these two-way tables are summarized in Appendix C 
to the thesis. Earlier results as summarized in Appendix B, are also presented in 
Appendix C, because of the inclusion of the 'earlier use' and the 'earlier extent of use' 
in_ the new two-way tables. I- 
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9.3 EXTENT OF USE'OF NEW ESTIMATE (CONTRACTOR'S COPY) 
Results of two-way tables for each contractor organization preparid in Section 9.2.4 
showed substantial improvements in the extent of use of estimate over the tasks as 
illustrated in Appendix C (a)s. It should be noted that only the 'new extent which 
corresponds to the earlier use' should be compared with the 'earlier extent of use' to 
observe the change (an improvement or not) in the extent of use of estimate over tasks. 
To observe these improvements clearly, graphs (histograms) were drawn using Ist, 
2nd, 3rd and 8th columns of Table (a) in Appendix C. These graphs are illustrated in 
Figures 9.1,9.2,9.3,9.4,9.5,9.6,9.7 and 9.8. - 
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The differences between the'New extent of earlier useand the'Earlier extene columns 
of the graphs are the possible improvements that can be gained to the extent of use of 
estimate in the post-tende 
'r 
works'from the'new approach. From the graphs it is clear 
that, the new approach would improve the extent of use of the estimate for the tasks, 
hence would reduce the re-work and repetition involved in the post-tender use of 
estimate in contractor organizations. 
The averages (only the averages which correspond to earlier use) calculated in Section 
9.2.4 were extracted from Appendix C (b)s to a summary table (Table 9.2), and the 
mean value of the new extent of use of estimate for the industry was calculated. 
Table 9.2 Summary table of new average extent of use of estimate of 
Pnrl; pr mze 
CASESTUD 11 -3 
1 41 51 61 71 81 10 1 N14W 
, 
AVERAGE 86.4 1 67.8 1 69.4 1 71.1 1 80.01 78.9 1 72.3 1 72.7 1 74.8 1 
The new average extent of use of estimate in the industry Was found as 75%. This new 
average was compared with the earlier average calculated in Table 5.3 to observe the 
possible average improvement in the extent of use of estimate in the industry. 
The possibl e average improvement = 
New average - Earlier average x 100 Earlier average 
75 - 50 x 100 50 
=50% 
Therefore, it can be concluded that, the new approach would reduce the re-work and 
improve the data management in contractor organizations. It may be claimed that these 
percentages are calculated from the observations made by professionals in only eight 
case studies, hence may not represent the whole industry. However, as explained in 
Chapter 4, since case studies represent the whole industry it can be assumed that these 
observations also represent the industry. In. any case, a separate independent survey 
was carried out with 33 professionals'to observe the acceptability of the new approach 
in the industry. Results of this survey are documented in Chapter 10. 
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9.4 NEW EXTENT OF USE OF INFORMATION PACKAGES 
Results of two-way tables for each contractor organization prepared in Section 9.2.4 
showed substantial improvements in the extent of use of information packages in case 
studies as illustrated in Appendix C Table (c). As explained in Section 9.3, it should be 
noted that only the 'new extent which corresponds to the earlier use' should be 
compared with the 'earlier extent of use' to observe the change (an impr6vement or not) 
in the extent of use of information packages in case studies. 'To observe these 
improvements clearly, as in Section 9.3, graphs were prepared using lst, 2nd, 3rd and 
8th columns of Table (c) in Appendix C. These graphs are presented in Figures 9.9, 
9.10,9.11,9.12,9.13,9.14,9.15 and 9.16. 
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The differences between the 'New extent of earlier use! and the 'Earlier extene columns 
of the graphs are the possible improvements that can be achieved from the new 
approach to the extent of use of each information package throughout the contract. 
From the graphs it is clear that, the new approach would improve the extent of use of 
the information packages, hence would reduce the re-work and repetition involved in 
post-tender use of the estimate in contractor organizations. 
The differences in 'Earlier use' and 'New extent of earlier u'si? of'each information 
package calculated in Section 9.2.4 were extracted from Appendix C Table (c) to a 
summary table (Table 9.3), and average values were calculated. These average values 
represent the new re-work of earlier use involved in each information package, hence 
the improvements required in earlier use of each information package after the 
introduction of the new approach. This is graphically presented in Figure 9.17. It can 
be seen that, the improvements required in all of the information packages are now less 
than the limit (1/3rd of total possible use) established in Section 5.6. It can be observed 
that, although the new proposals had concentrated on only three information packages 
(quantities, quantity units and unit rates), the extent of use of the other information 
packages could also be improved by the introduction of the new approach. This is 
because of the improvement in data availability of all the information packages due to 
the'Pricing methods! and the 'breakdown' in the new contractor's copy of the estimate. 
Table 9.3 Summary table of new re-work of earlier use involved in 
information nackaLyes 
Infor. Pack. Casel Case3 Case4 Case5 Case6 Case7 Case8 CaselO Average 
1 21.0 20.0 15.0 94.0 13.0 33.5 12.5 14.0 27.9 
2 17.5 19.0 11.5 67.0 11.0 2.0 19.0 20.0 20.9 
3 9.0 38.0 16.0 33.0 8.0 13.0 6.5 14.5 17.3 
4 18.0 59.0 49.5 73.0 25.0 10.5 46.0 51.0 41.5 
5 19.0 55.0 59.5 60.0 25.5 13.0 44.0 37.0 39.1 
6 3.5 29.0 30.5 15.0 16.5 29.0 23.5 27.0 21.8 
7 2.5 36.5 40.0 18.0 15.5 23.5 30.0 36.0 25.3 
8 1.0 38.5 43.5 24.0 20.5 19.0 30.5 43.5 27.6 
9 6.0 12.0 16.0 7.5 42.0 3.0 11.0 20.0 14.7 
10 9.0 27.0 19.0 7.5 24.5 1.0 20.0 20.0 16.0 
11 11.0 , 16.0 , 16.0 1 41.0 1 25.0 1 1.0 1 12.0 1 15.0 1 17.1 
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packages after the introduction of the new approach 
9.5 SUMMARY 
The extent of use of the estimate (contractoes copy) after the introduction of the new 
approach was investigated in this chapter to observe the possible improvements that can 
be achieved in the post-tender use of the estimate. The feasibility of administering the 
proposals by the estimating function was also investigated to observe whether the new 
approach would create complexities in estimators' work. If the new method would be 
tedious to implement at the estimating function, estimators may not appreciate it even 
the data. management in post-tender work would be totally improved. 
Two test projects (typical building projects) were priced in the feasibility study to 
observe the difficulties (if any) in the preparation of the estimate according to the new 
approach. During the preparation of. the documents in these test projects, practising 
eI stimators' suggestions and criticisms towards 
ýthe new approach were obtained. After 
seeing demonstrations of preparing the contractor's copy of the estimate using codes 
and libraries, estimators had agreed that it is feasible to prepare the e stimate according to 
the new approach with negligible extra effort compared to the conventional practice. 
The data collection for the improvement study was carried out in the same manner as 
that carried out in Chapter 5. Same professionals in same case studies were approached 
to compare the extent of use of contractor's copy of estimate to that of conventional 
estimate. Test projects were demonstrated to these professionals and feedback was 
239 
gathered. As in Section 5.4.2, use and extent of use of estimate (contractoes copy) for 
the 21 management tasks were investigated and summarized in Table (a) of Appendix 
C. Because of the increased use included in the new extent of use, the direct 
comparison of 'new extent' against the 'earlier extene was not undertaken. The correct 
comparison is the investigation on the 'new extent of use corresponding to the earlier 
use' against the earlier extent of use of the estimate. In fact, the 'earlier use' was the 
common base for the two extents. Graphs were prepared (Figures 9.1 - 9.8) for better 
illustration of the findings. From the graphs it was observed that, the new approach 
would improve the extent of use of the estimate for the tasks, hence would reduce the 
re-work and repetition involved in the post-tender use of estimate in contractor 
organizations. The new average extent of use of estimate in the industry was found to 
be 75%. This average when compared with the earlier average calculated in Section 5.5 
(Table 5.3) showed a 50% possible improvement in the extent of use of the estimate in 
the industry. 
The new use and extent of use of each information package throughout the contract 
were summarized in Table (c) of Appendix C. As earlier, the comparison was 
undertaken between the 'new extent which corresponds to earlier use! and the 'earlier 
extent of use' to observe the improvements in the extent of use of information packages 
in case studies. Again, graphs were prepared (Figures 9.9 - 9.16) for better illustration. 
From the graphs it was evident that, the new approach would improve the extent of use 
of the information packages, hence would reduce the re-work and repetition involved in 
the post-tender use of estimate in contractor organizations. It was observed that, 
although the new proposals had concentrated on only three information packages 
(Quantities, Quantity Units and Unit Rates), the extent of use of the other information 
packages could also be improved by the introduction of the new approach. This is 
because of the improvement in data availability of all the information packages due to 
the 'Pricing method' and the 'breakdown' in the new contractoes copy of the estimate. 
Now, feasibility of administering the proposals in contractor organizations was 
investigated and possible improvements that can be achieved in the extent of use of the 
estimate in contractor organizations was established in this chapter, the. next step is to 
investigate the validation of the new proposals. The validation study, undertaken in this 
research, comprised two parts. The first part was a live project carried out to observe 
the practicability of implementation of the proposals in contractor organizations. The 
second part was an independent survey carried out to observe the acceptability of the 
new approach in the industry. These studies are explained in Chapter 10. 
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Chapter 10 
VALIDATION 
10.1 INTRODUCTION 
10.2 LIVE PROJECT - PRACTICABILITY STUDY 
10.3 PROFESSIONAL VIEW ACCEPTANCE STUDY 
10.4 SUMMARY 
10.1 INTRODUCTION 
This chapter explains the 'live projece undertaken to observe the practicability of 
proposals, and the 'acceptance survey' carried out to investigate the professional views 
in the whole industry. The feasibility study and the improvement study carried out in 
this research were explained in Chapter 9. - Feasibility of preparing the contractor's copy 
of the estimate according to the new approach in contractor organizations was 
investigated by pricing two test projects (typical building projects) with the consultation 
of estimators who were responsible for the work. In the improvement study, the 
possible improvement that can be achieved in the extent of use of estimate in contractor 
organizations by the introduction of the new approach was investigated. However, 
since the professionals participated in the improvement study responded only by 
perception, a further study (live project) was required to observe the practicability of 
implementation of proposals in contractor organizations. 
The live project, in which two estimates, one according to the conventional practice and 
another according to the new approach have been prepared, in fact was a parallel study. 
Contractor's managers of each management function was asked to observe and compare 
the use of new format against the conventional estimate in their post-tender works. 
These observations were collected for the comparison with data management in 21 
management tasks. This feedback was used to derive conclusions on the improvement 
of data flow due to the introduction of the new approach. 
The improvement study reflected the opinions of professionals in eight contractor 
organizations, and the live project presented experiences of professionals in only one 
organization. Therefore, although these organizations were representations of the 
industry, a separate survey was recommended to investigate the acceptance of the 
proposals in the industry. Estimators, site agents, quantity surveyors, project managers 
and top managers from contractors, consultants, clients and other professional bodies 
(Institutes, Mnistries etc. ) were interviewed to fulfil this activity. In fact, the acceptance 
survey would reflect the views and opinions of -the whole industry, hence would 
confirm (or reject) the results of the improvement study and the live project. 
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10.2 LIVE PROJECT - PRACTICABILITY STUDY 
Test projects undertaken in the feasibility study (explained in Chapter 9) had given the 
necessary feedback on the feasibility of preparing the contractors copy of the estimate 
at estimating departments in contractor organizations. Ivwas concluded that, it is 
feasible to prepare the estimate according to the new approach, hence estimators would 
not reject the proposals. The live project is carried out mainly to observe the problems 
and difficulties which may be encountered at the other departments (purchasing, 
planning, etc. ) in implementation of the proposals. Since the feedback obtained from 
the live project reflects the experience of professionals in an actual project, the results of 
the live project could be considered as a validation study for the proposals. 
Because of the restriction in the time of this research, it was thought not to select a live 
project which was at the tendering stage. When consider the percentage of winning a 
job (McCaffer 1976) and the time required to estimate, it was thought to select an 
already started project rather than pricing (and bidding) number of projects. In fact, the 
risk of winning a job was not taken because of the other factors such as; effort in 
preparation of documents, time taken to estimate and difficulty in finding willing and 
representative contractors. Therefore, the study was a parallel study, where the new 
form of estimate (contractor's copy) was prepared for an on-going project which had an 
already prepared conventional estimate. 
10.2.1 Methodology 
As explained above, an on-going project was selected as the live project to save time an 
effort required to price number of different projects. The selected organization was 
different to the organizations which participated in the feasibility study (test projects). 
Therefore, estimator's response on the preparation of the estimate according to the new 
approach in this organization could be treated as a cross-check to the feasibility study. 
Documents were prepared according to the new approach and given to the contractor's 
management staff to use in their tasks. The management staff, therefore had the 
opportunity to compare the two forms of estimates while carrying out their tasks. 
Feedback was collected to observe the preference (or non-preference) of the new type 
(contractor's copy of the estiniate) over the conventional type in the use of estimate for 
the 21 management tasks. 
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10.2.1.1 Live project 
The selected contractor organization was a large scale, well established private 
company. The company had well experienced staff who had worked in many projects 
ranging from 1 million to. 100 million Rupees. The company had worked with clients 
from both the private sector and the government sector. They were exposed to the 
modem Information Technology such as; CAE, Computer Aided Design, Computer 
Aided Planning etc. Therefore, it could be assumed that, the views of the professionals 
in this organization would represent the industry. 
The project was a small building, which is a part of a Ninety million Rupee building 
complex. The site was situated in the up country, about 125 miles away from the capital 
city. It was thought to price a building in which work would start and finish during the 
period of observations. Therefore, the documents (libraries and estimates) were 
prepared only for one building which was scheduled to be constructed during the period 
of observations undertakeh in this study. The work in this building comprised; ' 
" Preliminaries, 
" Concrete work, 
" Rubblework and Hollow Blockwork, 
" Carpentry and Joinery, 
" Plastering, Rendering and Paving, 
" Steel work, 
Decorating, and 
Plumbing. 
10.2.1.2 Pricing 
The live project was priced according to the new approach with the help of the estimator 
w ho had earlier prepared the estimate for the organization. The estimator provided all 
the details of prices, rates, rate analysis, over-head and profit margins used in the earlier 
estimating process. Therefore, the new estimate (contractor's copy) produced the same 
rates and prices. For example,. not only the price of cement, but also the number of 
cement bags used in one unit of concrete work were similar in both the calculations. 
Thus, 'all the management groups could refer to the new estimate (contractor's copy) to 
obtain data for their work. 
The preparation of codings, resource library, build-up library and the estimate for the 
live project consumed only about one week. The experiences gained in the test projects, 
in fact, had helped on development of codes and libraries. The estimator dictated the 
estimating process, and participated in the development of libraries. Because of the 
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preparation of the breakdown for each bill item, the data had to be obtained not only on 
prices but also on quantities, waste allocations, number of uses etc. 'Me estimator had 
used systematic- rate analysis for the earlier pricing -Process, hence data were readily 
available. In fact, it was the company policy to follow a systematic rate analysis, which 
prepares the rates from first principles. 
As in the test projects, the estimator's suggestions and views towards the new approach 
were obtained during the preparation of the documents in the live project. After seeing 
demonstrations of preparing the contractor's copy of the estimate using codes and 
libraries, the estimator and the higher management responded that the new approach 
would not make any accountable complexities to their current estimating process. The 
company had their own computer aided rate analysis system, hence the estimator and 
the higher management had the experience of -using the libraries. In fact, they had 
sufficient knowledge, to observe that the proposed coding system, library structure and 
the new format to the estimate would not create difficulties in the estimating process. 
10.2.1.3 Collection of feedback 
After preparing the documents (libraries and contractor's copy of the estimate), the next 
step was to observe the use of these documents in contractor's work. The contractor's 
management staff had the conventional estimate with them, and agreed to compare the 
use of new format (contractor's copy) against the conventional format for their tasks. 
Tberefore, copies of the documents were given to the head-office and the site to use 
with the conventional estimate for their tasks. Four professionals, who were 
responsible for the work, participated in this comparison study. Construction work of 
the live project consumed about one month, hence the professionals were asked to 
observe and compare the use of the new approach to that of the conventional estimate 
for the tasks they carried out, during that period. Number of visits were made to the 
head office and to the site during this period, and discussions were held to obtain 
feedback. 
A data collection sheet was designed to obtain the feedback from professionals. They 
were asked to observe and compare the two formats in their management tasks on; (1) 
use of estimate, (2) data availability, (3) use of data, (4) calculations, data generations 
and amendments involved, and (5) passing data to other tasks; and feedback the 
preference (or non-preference) of the new estimate over the conventional estimate. 
Example of a data collection sheet is given in Figure 10.1. Feedback was collected for 
the same 21 management tasks established in Table 5.1. The results were summarized 
as given in Table 10.1. Data were collected as preference data so that the Wilcoxon sign 
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test (Anderson et al. 1987, Neter et al. 1988) could be applied to statistically analyse the 
results. 
Effect of new format (contractor's copy) of the estimate against the 
conventional type estimate. 
Task 
A. Use of estimate for the task: El Better 
El Same 
El Worse 
If worse reasons : ............................................................................. 
B. Data availability for the task Better 
F-1 Sa'me 
F-1 'Worse 
If worse reasons ............................................................................. 
C. Use of data for the task El Better 
Fý Same 
El - Worse If worse reasons . .............................................................................. 
D. Calculations, data generations and amendments 
involved in the task: Less 
EJ S ame Fý 
More' 
If more reasons : .............................................................................. 
E. Passing data for other tasks Better 
El Same 
El Worse 
If' worse reasons ..................... ......................................................... 
Figure 10.1 Example of a data collection sheet used in the live project 
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Tahle 10.1 Summarv of feedhnek from thp lilvp nrmaet 
SUN94ARY TASKNUMBER TOTAL 
OBSERVATIONS 1 2 31 41 5 6 7 8 9 N 11 12 IA 14 15 16 17 
18 
19 20 21 
. 
13 
1 
SI W 
A. Use of estimate B B B B B B B B B 
I 
B B S S B B B B S B B S 17 04 00 
B. Data available. B B B 
I 
B B B B B B B B S S B B B B S B B S 17 04 00 
C. Use of data B B B B B S S B B B B S S B B B B S B B S 15 06 00 
D. Calc. Involved B B B B 
IB 
B B B B B B S S B B B B S B B S 17 04 0 0 
ata assi B B B IB H IS [S IB B IB B S IS IB IB jB jB S B B S 115 06 0 0 1 f LK: 
EY B-Better S- Same W- Worse TOTAL 
18, 
10.2.2 Data analysis 
Results of the feedback illustrated in Table 10.1 shows that the new approach would 
improve the extent of use of estimate in most of the work in contractor organizations. 
When consider one observation as one 'data management unif , the new approach is 
better than the conventional estimate for 77% (=81/105) of data management in post- 
tender works. The new approach is same as the conventional practice for 23% 
(=24/105) of data management in post-tender works. The professionals in the live 
project had responded that the new approach is not by any means worse than the 
conventional practice. Therefore, it can be concluded that it is practicable to adopt the 
new approach in contractor organizations. The statistical analysis showed that the new 
approach was preferred to the conventional estimate. The statistical test applicable to 
preference data, the Wilcoxon sign test, was used in this research to investigate whether 
the new approach was preferred by the professionals for their work. If the new 
approach is preferred, it can be concluded that the live project confirms the results of the 
improvement study, that is, the new approach would improve the data management in 
contractor organizations. 
Feedback given as 'better' could be treated as preference for the new approach, since 
the professionals agreed that the change would improve the data management in those 
cases. Similarly, feedback given as 'worse' could be treated as preference for the 
conventional estimate. Feedback given as 'same' also could be treated as preferences 
for the conventional estimate since the change to the new approach would not result any 
improvement in those cases. Therefore, the results in Table 10.1 were categorized into 
two sets of data; (1) preference to the new approach, and (2) preference to the 
conventional estimate. The null hypothesis tested was that the new approach is not 
preferred than the conventional estimate or -in terms of the proportion preferring a 
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particular type- that the proportion of preferring new type is equal or less than 0.50 
(Neter et al. 1988). 
Signs were allocated based on this hypothesis. If the preference was indicated for the 
new approach, aW was given, and if the preference was indicated for the conventional 
estimate. a '-' was recorded. For example, for the 'use of estimate', seventeen W 
values and four'-' values were recorded. Therefore, the sign test should be carried out 
to compare the observed proportion 0.81 (=17/21) for the new approach to the 
hypothesized proportion p: 50.50. If the proportion of preference is denoted by 'p', the 
null hypothesis (HO) and alternative hypothesis (HI) can be stated as; 
HO : p--<0.50 ; No preference of new type over the conventional estimate exists. 
H, : p>0.50 ; Preference of new type over the conventional estimate exists. 
According to the sign test (Anderson et al. 1987 and Neter et al. 1988), the number of 
W values in the sample and the proportion follow the binomial distribution with 
p=0.50. For large samples, where both npý: 5 and n(l-p)ý: 5 exists, the normal 
distribution is a good approximation to the binomial. Therefore, in this study, since 
n=21, p=0.50, and np=n(l-p)=l0.5>5, the normal distribution was assumed. The 
standardized test statistics, Z, for the observations were calculated using the equation; 
P -. po Z=--- Eq. 10.1 
/ -p -0( 1---p- -07 
Ni n 
where; p- observed proportion 
po - population proportion 
n- total number of observations 
For example, Z for'use of estimate! was calculated as; 
P- PO 0.81 - 0.50 
, Z ý=2.84 = f-po(1--P-07) 1-0. -50-0--0. -5-7) 
Ni NI 21 
To decide on the acceptance or rejection of the null hypothesis; these values were then 
compared with the critical value for the 5% level of significance ( cc =0.05). The 
statistical decision rule used f6r this one-sided sign test is illustrated in Figure 10.2. 
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Acceptance region 
Conclude H0 
1- a=0.95 
I 
Po =0.50 
0 Z(O. 95) = 1.64 
Figure 10.2 Illustration of the statistical decision rule for the one-sided 
sign test (at 5% level of- significance) 
According to Figure 10.2, there was sufficientevidence (2.84>1.64)'to 
, 
conclude that 
the new approach is preferred to the conventional estimate in the case'of use of estimate 
for the contractor's tasks. Ile calculated standardized test statistics and the decisions 
derived at the 5% significance level for each case are summarized in Table 10.2. From 
Table 10.2, it can be concluded that the new approach is preferred to the conventional 
estimate for the contractor's data management in every aspect. Therefore, it can'be 
concluded that the results of the live project confirms the results of the improvement 
study. 
Table 10.2 Test statistics and decisions derived for the live oroiect 
Observations + z Zcritical Result 
Use of estimate 17 04 2.84 1.64 Conclude H, 
Data availability 17 04 2.84 1.64 Conclude H, 
Use of data 15 06 1.96 1.64 Conclude H, 
Calc. Involved 17 04 2.84 1.64 Conclude H, 
Passing data 1 15 1 06 1 1.96 1.64 1 Conclude H, 
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10.2.3, Conclusions 
The feedback taken during the preparation of documents (libraries and contractor's copy 
of the estimate) for the live project was considered as a cross-check to the feasibility 
study. The estimator and the higher management who had participated in the preparation 
of the documents agreed that the new approach would not make any accountable 
complexities to their existing estimating process. Therefore, it could be concluded that 
the preparation of documents according to the proposals. at the estimating function is 
feasible. 
Results of the feedback collected in the live project (Table 10.1) showed that the new 
approach would improve the extent of use of estimate in most of the contractof s work. 
It was observed that the new approach was better than the conventional estimate for 
77% of data management in post-tender works. It was also observed that the new 
approach was same as the conventional practice for 23% of data management in post- 
tender works. Not surprisingly, the professionals had agreed that the new approach 
was not by any means worse than the conventional practice. Therefore, it could be 
concluded that it is practicable to use the new approach in contractor organizations. 
The Wilcoxon sign test, carried out to investigate whether the live project actually 
Iý 
shows the preference of new approach to the conventional estimate showed satisfactory 
results. Standardized test statistics calculated (Table 10.2) for various aspects of data 
management (use of estimate, data availability, use of data, calculations involved, and 
passing data) showed that the new approach is preferred to the conventional estimate for 
the contractor's data management in every aspect at 5% significance level. Therefore, it 
could be concluded that the results of the live project confirm the results of the 
improvement study. The professionals in the live project had the opportunity to 
experience the new approach in an on-going project, hence feedback reflect the 
practicability of adopting the proposals in contractor organizations. 
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10.3 PROFESSIONAL VIEW - ACCEPTANCE STUDY 
The improvement study represented the opinions of professionals in eight contractor 
organizations,. and the live project (practicability study) demonstrated the experiences of 
professionals in. only one organization. Therefore, after the live project, an independent 
survey without disclosing the results derived from the feasibility study, improvement 
study and the live project, was undertaken to observe the acceptability of the proposals 
in the whole industry. The survey was carried out with estimators, site agents, quantity 
, 
'surveyors, project managers and top managers in contracting, consultancy, clients and 
other professional bodies (Institutes, Ministries, etc) to gather the professional view on 
the concept that the new approach would reduce the re-work and ease the data 
management in contractor organizations. Since the professionals were selected from all 
, sectors, this acceptance survey would reflect the views and opinions of the whole 
industry, hence would confirm (or reject) the results of the improvement study and the 
i live project. 
, 10.3.1 Methodology 
Miscussions were held with the professionals on the proposals and their possible use in 
,, contractoes management tasks. Documents prepared for the test projects and the live 
project were used in these discussions to demonstrate the proposals. After the 
, discussions, professionals were asked to express their opinions, and to state whether 
, they accept or reject the proposals developed in this research to reduce the data 
, complexity in contractor organizations. These fý, edback was gathered using a data 
, collection sheet, which had been designed to observe. the professional acceptance for 
different aspects in the proposals. Data collection sheet also included the professional 
'views on the new proposals' ability to reduce the re-work and ease the contractor's 
different management functions. 
10.3.1.1 Selection of professionals 
Professionals were selected in such a way that a fair distribution presents in the amount 
of experience they had in the industry. Not only highly experienced professionals, but 
also some less experienced professionals were interviewed to maintain the balance so 
that the results would represent the industry. Different types of work (estimating, 
purchasing, planning, etc. ), that the professionals had been involved over the past years 
in the industry, were considered as important in this survey to achieve variation in the 
professional views. The professionals could comment only on the areas which they 
have been involved in the industry. By selecting professionals who had been involved 
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in more than one type of work, a wide spectrum of experts could be achieved from less 
number of professionals. As in the case studies (Chapter 4), the judgement sampling 
technique was used in this survey to select the professionals so that the selected 
professionals (sample) would be representative. In judgement sampling, the researcher, 
ýsing his knowledge selects the sample that he feels as most representative. The 
distribution of 'years of experience' and 'involvement in the industry' in the 33 
interviewed professionals is illustrated in Table 10.3. 
Tahla IR I . 4RPlprtpd nrnfP,.,. 
ionnle. nnd their involvement in the industrv 
No. Profession Experience Involvement in the indusay 
1 Site Agent 5-10 Years purchasing. planning. site management. 
2 Proj. Manager >15 Years estimating, purchasing, planning, site management, quan. surveying 
3 Quan. Surveyor 10-15 Years estimating, planning, quantity surveying. 
4 Site Agent 10-15 Years estimating. planning. site managemenL 
5 Quan. Surveyor >15 Years estimating, purchasing, planning, quantity surveying. 
6 Proj. Manager >15 Years estimating, purchasing, planning. site management, quan. surveying 
7 Estimator 10-15 Years estimating, planning, site management. 
8 Estimator 10-15 Years estimating, purchasing, quantity surveying. 
9 Quan. Surveyor >15 Years estimating, purchasing, planning, site management. quan. surveying 
10 Proj. Manager 10-15 Years estimating, purchasing, planning, site management, quan. surveying 
11 Site Agent 5-10 Years estimating, purchasing, planning, site management, quan. surveying 
12 Site Agent 5-10 Years estimating, purchasing. planning, site management. quan. surveying 
13 Proj. Manager >15 Years estimating, purchasing, planning, site management, quan. surveying 
14 Site Agent 5-10 Years estimating, purchasing, planning, site management, quan. surveying 
15 Quan. Surveyor 10-15 Years estimating, purchasing, quantity surveying. 
16 Estimator 10-15 Years estimating, purchasing, planning. site management, quan. surveying 
17 Site Agent 5-10 Years purchasing, planning, site management. quantity surveying. 
18 Proj. Manager >15 Years estimating, purchasing, planning, site management, quan. surveying 
19 Proj. Manager >15 Years estimating, purchasing, planning, site management. quan. surveying 
20 Estimator 5-10 Years estimating, purchasing, quantity surveying. 
21 Site Agent 5-10 Years purchasing. planning, site management, quantity surveying. 
22 Estimator 0-5 Years estimating, purchasing, quantity surveying. 
23 Proj. Manager 5-10 Years estimating. purchasing, planning, site managemen4 quan. surveying 
24 Quan. Surveyor 10-15 Years estimating. purchasing, planning, quantity surveying. 
25 Site Agent 0-5 Years purchasing. planning, site management, quantity surveying. 
26 Site Agent 5-10 Years purchasing, planning, site management, quantity surveying. 
27 Proj. Manager 10-15 Years estimating, purchasing, planning, site management. quan. surveying 
28 Proj. Manager 5- 10 Years estimating. purchasing, planning, site management, quan. surveying 
29 Proj. Manager 10-15 Years estimating, purchasing, planning, site management, quan. surveying 
30 Site Agent 5-10 Years estimating, purchasing, planning, site management, quan. surveying 
31 Quan. Surveyor 10-15 Years estimating, purchasing, planning, site management. quan. surveying 
32 Proj. Manager 10-15 Years 
1 
estimating. purchasing, planning, site management, quan. surveying 
33 1 Estimator 10-15 Years I estimating, purchasing, planning, site management, quan. surveying 
10.3.1.2 Collection of feedback 
As explained in 10.3.1, a data collection sheet (Figure 10.3) was designed to gather the 
professional opinion on the new approach. From the first part of the data collection 
sheet, their acceptance (or rejection) were obtained for different aspects in the proposals 
in order to observe whether any rejection exists on particular aspects. By that approach, 
weak areas of the proposals (if exist) would be highlighted from the acceptance study. 
The second part of the data collection sheet was included so that the acceptance (or 
rejection) of the new proposals to different management functions could be observed. 
By that approach, acceptance of new proposals for individual management functions 
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could be established. Any rejection for particular management functions (if exist) also 
would be highlighted. 
Professional views on the new proposals - 
Management Group (Profession) : ............................................................. 
A. Following proposals would improve the extent of use of the estimate and reduce 
the complexity of data flow. 
Fmaud 
1. Coding system 
2. Use of Resource Library 
Yes No Same 
3. Use of rate analysis El D Fý 
4. Use of Build-up Library Fý El F1 
5. Breakdown of resources- EJ 11 El 
6. Format of the Estimate'(contractoes copy). El 
El 
Fý 
El 
EJ 
EJ 7. Use of the computer 
B. New proposals would reduce the re-work and ease the following functions. 
Yes No Same 
1. Estimating/ Tendering El Fý El 
2. Purchasing F1 El 
3. Planning El Fý Fý 
4. Site Management El El 
5. Quantity Surveying Financial Control F1 F-1 El 
Figure 10.3 Data collection sheet used in the acceptance study 
The proposals were described to each professional using the documents prepared in the 
test projects and the live project. Discussions were held with them on the current extent 
of use of the estimate and the possible improvement that can be gained from the new 
approach in contractor organizations. After the discussion, professionals were asked to 
comment on the new approaqh using the data collection sheet. The summary of the 
collected data is illustrated in Table 10.4. 
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However, in the second part of the data collection sheet, professionals could not 
comment on the areas which they had not have the experience. Therefore, they were 
asked to comment only on the parts they had been involved during the past. Hence, 
although, a total of, 33 professionals participated from the industry, different sample 
sizes were applicable to different parts. 
10.3.2 Data analysis 
Feedback given as 'Yes' was considered as an acceptance whereas 'No! and 'Same' 
were considered as rejection for the new proposals. The percentage acceptance was 
calculated for all the aspects in Table 10.4 using Equation 10.2. 
number of 'Yes' % acceptance 
number of respondents 
Eq. 10.2 
These percentages, as illustrated in' the -last column'of Table 10.4, showed that 
professionals accept the fact that the new approach would improve the extent of use of 
the estimate and reduce the complexity of data flow in contractor organizations. It seems 
that professionals had no rejection for any of the aspects in the proposals. 
The results also show. that professionals accept the concept that the new approach 
would reduce the re-work and ease all of the management functions in contractor 
organizations. However, a statistical analysis was'carried out to see whether the results 
of this acceptance study actually show the acceptance of the new proposals. As in the 
live project, the sign test was used to investigate whether the new approach was 
accepted by the professionals. If the new approach is accepted, then it can be concluded 
that the acceptance study confirms the results of the live project; that is; the new 
approach would improve the data management in contractor organizations. .I. 
In this study, the null hypothesis tested was that the new approach is not accepted by 
most of the professionals or -in terms of the proportion of acceptance- that the 
proportion of accepting new approach is equal or less than 0.50 (Neter et al. 1988). 
Signs were allocated based on this hypothesis. If -the acceptance was indicated for the 
new approach, a'-tý was given and if the rejection was indicated for the new approach, 
a '-# was recorded. For example for the 'coding system' thirty two Y values and one 
'-I value were recorded. Therefore, the sign test should be carried out to compare the 
observed proportion 0.97 (=32/33) for the acceptance of the'new coding system! to the 
hypothesized proportion p: 50.50. '? 
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If the proportion of acceptance is denoted by 'p', the null hypothesis (HO) and 
alternative hypothesis (HI) can be stated as; 
HO : p: 50.50 ; No acceptance of the new approach by the industry exists. 
Hl : p>0.50 ; Acceptance of the new approach by the industry exists. 
As in the live project, because of np>5 and n(l-p)>5; the normal distribution was 
assumed for the proportion of acceptance. Therefore, the standardized test statistics, Z, 
for the observations were calculated using Equation 10.1. For example, Z for'coding 
systený was calculated as; 
P- PO 0.97-0.50 
z 
Fd PO -p-d- 
5.40 
/-075TO-(-l-O-. -5-0-'-)' 
N/ n 33 
To decide on the acceptance or rejection of the null hypothesis, these values were then 
compared with the critical value for the 5% level of significance ( cc =0.05). The 
statistical* decision rule used for this'one-sided sign test is illustrated in Figure 10.2. 
According to Figure 10.2, there was sufficient evidence (5.40>1.64)) to conclude that 
the'new coding system! was accepted by the professionals in the industry. 
Tahlp MA Tpqt ctqtiqtieq sind dpri-qinnq dprivpd for the accentance studv 
Observations + z 2ýridcal Result 
Coding system 32 01 5.40 1.64 Conclude'HI 
Resource Library 31 02' 5.05 1.64 Conclude H, 
Rate analysis 29' 104 4.35 1.64 Conclude Hl' 
Build-up Library 30 03 4.70 1.64 Conclude H, 
Breakdown 31 02 5.05 1.64' Conclude H, 
Format of estimate 30 03 4.70 1.64 Conclude H, 
Use of computer 30 03 4.70 1.64 Conclude H, 
Estimating 27 01 4.91 1.64 Conclude H, 
Purchasing 29 01 5.11 1.64 Conclude H, 
Planning 19 10 1.67 1.64 Conclude H, 
Site Management 24 02 4.31 1.64 Conclude H, 
Quantity Surveying 28 02 4.75 . 64 
Conclude H, 
The calculated standardized test statistics ind'the decisions derived at the 5% 
significance level for each aspect in the proposals are summarized in Table 10.5. From 
Table 10.5, it can be concluded that all the aspects of the new approach is accepted in 
the industry as means of improving the extent of use of estimate in contractor 
organizations. Results clearly showed that no rejection exists for any of the aspects of 
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the proposals. It can also be concluded that the new approach is accepted in the industry 
as means of improving the data management in all of the management functions in 
contractor organizations. Therefore, the results of the acceptance study, in fact, 
confirms the results of the live project. However, the professionals' acceptance for the 
improvement in planning management function was low when compared to the 
acceptance given to the improvement in data management in other management 
functions. ýII- 
10.3.3 , Conclusions 
The feedback collected ý in the acceptance study (Table 10.4) showed that 92% 
professionals accept the fact that the new approach would improve the extent of use of 
the estimate and reduce the complexity of data flow in contractor organizations. The 
acceptance for individual aspects in the proposals were found as; 97% for the coding 
system,, 94% for the resource library, 88% for the rate analysis, 91% for the build-up 
library, 94% for the breakdown of resources, 91% for the format of the estimate, and 
91% for the use of the computer. It seems that professionals had no rejection for any 
aspect in the proposals. 
The results also showed that, a total of 89% acceptance among professionals about the 
concept that the new approach would reduce the re-work and ease the management 
functions in contractor organizations. The acceptance for improvement in data 
management in individual management functions were found as; 96% for estimating, 
97% for purchasing, 66% for planning, 92% for site management, and 93% for 
quantity surveying. Therefore, it could be concluded that, the industry accepts the fact 
that the new approach would reduce the re-work and would improve the data 
management in contractor organizations. 
The sign test, carried out to examine whether the acceptance study actually shows the 
acceptance of the new approach, showed satisfactory results. Standardized test statistics 
calculated (Table 10.5) for different aspects of the proposals (coding system, use of 
resource library, use of rate analysis, use of build-up library, breakdown of resources, 
format of the estimate, and use of computer) showed that the new approach is accepted 
by the industry in every aspect at 5% significance level. Standardized test statistics 
calculated for different aspects of data management (estimating/tendering, purchasing, 
planning, site management, quantity surveying/financial control) showed that the new 
approach is accepted by the industry -for all the management functions at 5% 
significance level. 
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10.4 SUMMARY 
The 'live project' undertaken to observe the practicability of proposals, and the 
'acceptance study' carried out to observe the professional views in the industry were 
explained in this chapter. 
An on-going'project was selected as the live project to save time and effort required for 
pricing number of different projects. An organization different to the organizations 
which participated in the feasibility study (test projects) was selected for the live project 
so that the estimator's response on the preparation of the estimate according to the 
proposals could be treated as a cross-check to the feasibility study. During the 
preparation of documents in the live project, estimator's suggestions and views towards 
the proposals were obtained. 'After seeing demonstrations of preparing the contractor's 
copy of the estimate using codes and libraries, the estimator and the higher management 
agreed that the new approach would not make any accountable complexities to their 
existing estimating process. 
Prepared documents were given to the contractor' s management staff (professionals) to 
use in their tasks. They were asked to observe and compare the two formats on various 
aspects of data management (use of estimate, data availability, use of data, calculations, 
data generations and amendments involved, and passing data) in their management 
tasks. Feedback was collected for the same 21 management tasks established in Chapter 
5. Data were collected as preference data so that the Wilcoxon sign test could be applied 
to statistically analyse the results. 
Results of the live project showed that the proposals would improve the extent of use of 
estimate in most of the contractor's work. It was observed that the new approach was. 
better than the conventional estimate for 77% of data management in contractor's work. 
It was also observed that the proposals were same as the conventional practice for 23% 
of data management in contractor's work. The professionals had agreed that the 
proposals were not by any means worse than the conventional practice. Professionals in 
the live project had the opportunity to experience the proposals in an on-going project, 
hence feedback reflect the practicability of adopting the proposals in contractor 
organizations. 
The Wilcoxon sign test used to statistically analyse the feedback in the live project 
showed satisfactory results. Standardized test stat 
, 
istics calculated for various aspects of 
data management showed that the new approach is preferred to the conventional 
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estimate for every aspect in contractor's data management at 5% significance level. 
Therefore, it could be concluded that the results of the live project confirm the results of 
the improvement study. 
In the acceptance study, an independent survey without disclosing the results derived 
from the feasibility study, improvement study and the live project, was undertaken to 
investigate the acceptability of the proposals in the whole industry. Discussions were 
carried out with estimators, site agents, quantity surveyors, project managers and top 
managers in various organizations to gather the professional view on the concept that 
the proposals would reduce the re-work and ease the data management in contractor 
organizations. Documents prepared in the test projects and the live project were used in 
these discussions to demonstrate the proposals. The professionals participated in this 
survey were selected in such a way that a fair distribution presents in the amount of 
experience they had in the industry. By selecting professionals who had been involved 
in more than one type of work (estimating, purchasing, planning, etc. ), a wide 
spectrum of experts could be achieved from less number of professionals. 
After the discussions, professionals were given a data collection sheet, and were asked 
to comment on the proposals. The first part of the data collection sheet was designed to 
observe the acceptance (or rejection) for different aspects in the proposals (coding 
system, use of resource library, use of rate analysis, use of build-up library, 
breakdown of resources, format of the estimate, and use of computer). The second part 
of the data collection sheet was designed in such a way that the acceptance (or rejection) 
of the proposals to individual management functions (estimating/tendering, purchasing, 
planning, site management, and quantity surveying/financial control) could be 
observed. 
The feedback illustrated in Table 10.4 showed that, 92% professionals accept the fact 
that the proposals would improve the extent of use of the estimate and reduce the 
complexity of data flow in contractor organizations. The acceptance for individual 
aspects in the proposals were found as; 97% for the coding system, 94% for the 
resource library, 88% for the rate analysis, 91% for the build-up library, 93.9% for the 
breakdown of resources, 91% for the format of the estimate, and 91% for the use of 
computer. Professionals had no rejection for any of the aspects in the proposals. 
Results also showed that 89% professionals accept the concept that the proposals would 
reduce the re-work and ease the management functions in contractor organizations. The 
acceptance for improvement in data management in individual management functions 
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were found as; 96% for estimating, 97% for purchasing, 66% for planning, 92% for 
site management, and 93% for quantity surveying. 
The sign test undertaken to statistically analyse the feedbacks in the acceptance study 
showed satisfactory results. The standardized test statistics calculated for different 
aspects of the proposals showed that the new approach is accepted by the industry in 
every aspect at a 5% significance level. Standardized test statistics calculated for 
different management functions showed that the new approach is accepted by the 
industry for all of the management functions at a 5% significance level. Therefore, it 
can be concluded that the proposals are accepted by the industry and the results of the 
acceptance study confirm the results of the live project. 
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Chapter 11 
CONCLUSIONS, RECOMMENDATIONS 
AND FURTHER RESEARCH 
11.1 CONCLUSIONS 
11.2 RECOMMENDATIONS 
11.3 FURTHER RESEARCH 
11.1 CONCLUSIONS 
The main objective of this research was to develop and test ways of reducing the 
repetition and re-work involved in the post-tender use of estimating data, and hence to 
reduce the complexities in data flow in building contractors based in Sri Lanka. To 
achieve this objective, this research comprised; a literature review, case studies, 
formulation of proposals, test projects, a live project and an investigation of 
professional acceptance. Conclusions derived from this work are summarized under the 
headings; format of the estimate, classification and coding, computer aided estimating, 
and data management in contractors. The significance of these conclusions is that any 
contractor in Sri Lanka can adopt the proposals and improve their management 
techniques because not only has the practicability been investigated but the overall 
acceptability of the proposals has also been established. 
11.1.1 Format of the estimate 
Research which had already been undertaken to produce a better format for the B. O. Q. 
were; the elemental bill (Rose 1956), the sectionalised trades bill (Nott 1963), the 
operational bill (Forbes and Skoyles 1963), the bills of quantities -operational format- 
(Skoyles 1968), the B. P. F. system (British Property Federation 1983) and builders' 
quantities (Pasquire and McCaffer 1985a). The main criteria for these works were to 
increase the contractors' post-tender use of the estimate. However, none of these 
investigated the r easons behind the complexity in data management in contractors, 
hence some of industry's needs were overlooked. All methods concentrated on the use 
of the estimate, but not the extent of use of the estimate. They had attempted to improve 
the post-tender use of the estimate without realizing that reduction in Te-work in the 
existing post-tendefuse of the estimate was required to improve efficiency in data 
management. 
Evaluations of past proposals and current concepts showed that attempts to address the 
client or consultant in order to obtain better formats for the B. O. Q. for the benefits of 
the contractor may not be successful. Clients and consultants show. little interest in such 
methods because of the mismatch between the client's requirements from the bill of 
quantities and contractoes requirements from it at the'post-tender works. Therefore, 
any res , earch that investigates the contractor's efficient post-tender use of estimate must 
be addressed to contractor organizations; and any proposal that could improve the 
contractor's data management should be based on the contractor's presentation of the 
estimate. 
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The literature survey and case studies undertaken in this research also revealed that any 
revolutionary deviation from the conventional B. O. Q. could create more complexities in 
contractor organizations. Any change to the format of the B. O. Q. should be formulated 
within the limitations of the conventional measurement rules of B. O. Q. The best 
strategy is to improve the extent of use of the conventional type B. O. Q. rather than to 
propose alternative measurement rules. It was established that the best approach could 
be to improve the extent of use and not just the use of estimating data in post-tender 
works. In this research, as illustrated by Figure 6.12, a simple format for the 
contractor's presentation of the bill which conforms the conventional practice is 
proposed to improve the extent of use of the estimate. 
It was identified from the case studies that some contractors had introduced three 
additional cost columns (material, labour and plant) to the conventional estimate to ease 
the post-tender work. However, if the unit rates are only broken down into its cost 
components of material, labour and plant, it was considered insufficient for the 
contractor's post-tender work. It was therefore proposed to split the unit rate to its 
individual resource components, and to prepare a detailed analysis (breakdown) for 
each bill item as illustrated in Figure 6.12. The content of the breakdown was finalized 
as; code, unit, rate, quantity, cost, waste, quantity/unit, and cost/unit. 
11.1.2 Classification and coding 
An efficient classification and coding system would improve'the use of estimating data 
within and between management functions. The main objective of the classification and 
coding developed in this research is to have a common basis for resources, build-ups 
and bill items. This would facilitate the direct use of estimating data by other functions 
with less re-work, hence would reduce the complexities in data flow in building 
contractor organizations. Resources, build-ups and bill items should have a common 
arrangement between them for easy cross referencing. This idea of a common basis was 
a long felt need, and if applied successfully, would definitely solve most of the 
problems of data management in contractor organizations. 
Out of many different kinds of available classification systems, the most relevant 
systems have been examined in this research to select the best system which fulfils the 
objectives and requirements. Unfortunately, all the systems failed to totally satisfy the 
requirements. The most crucial drawback of the available systems was their failure to 
classify material, labour and plant. All of the available systems have been designed for 
limited applications, either for some library referencing or for classification of work 
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sections for measurement purposesý. 'Some systems have been developed only for cost 
control purposes. Therefore, it is concluded that any of the systems can not be directly 
used without adjusting for the fulfilment of objectives and requirements mentioned in 
Section 2.3.3. 
From the case studies and test projects performed during this research, it was found that 
the introduction of a new coding system would not increase the efficiency but could 
create more'complexity in data management. Contractors preferred their existing 
systems to be modified to fulfil the objectives rather than changing to a new system 
which may not match their existing methods and bills. The best strategy could be to 
adapt the system which is more related to the organization in order to develop a 
classification and coding system to reduce the re-work in post-tender use of estimating 
data. 
11.1.3 Computer Aided Estimating 
Research on the use of computers for the preparation of estimates and schedules had 
been started in early 60's. At that time, estimates had been presented as simple 
computer programs. Now, after 30 years, computer aided designing and drafting and, 
automatic taking-off and billing are available as ready to use software, and the computer 
is established as an effective tool in the industry. However, although the work in CAE 
has been carried out for almost three decades, the use of them in the industry was not 
found to be impressive. Past surveys had revealed that only a few people had used the 
CAE. 
The most recent survey conducted by management consultants Peat Marwick Mclintock 
and the CICA showed that more than 50% of contractors now use the CAE and around 
30% are evaluating it for possible use. It could be seen that some software houses have 
been around for some time and are still growing. T'hus, although the past use of CAE in 
the industry was not that convincing, the future prospects for CAE are encouraging. 
Despite the increasing use of CAE (at least 50%), a dispute still exists amongst 
professionals on the potential of CAE. During the past decade there have been various 
articles and research papers written on the benefits, drawbacks and problems of CAE. 
In general, this debate demonstrated that the users were not satisfied with the currently 
provided facilities, although the suppliers proclaim their benefits. However, it could be 
shown that most of the evaluators concentrated only on efficiency. This research has 
demonstrated the fact that any evaluation of CAE should consider not only the 
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efficiency but also the effectiveness of the system. -If evaluated in that way, it can be 
seen that CAE has a lot of benefits to offer. 
It was found that the concept of Integrated Systems is still new to the industry. 
Integrated Systems have the problem of data processing at the data transfer from 
estimating to other functions. The preparation of estimating data affects the data 
processing, hence needs attention. This research showed that the presentation of 
estimating data was the problem to be addressed and tested, and not the development of 
an Integrated System. The industry is still not ready for Integrated Systems. Even the 
CAE is used by 50% contractors. The use of software on valuation, order processing 
etc. were found to be low on their own. Therefore, any development of an Integrated 
System to perform these processes together would not be appropriate. What should be 
done at this stage is to identify the problems of those functions and solve them. Only 
after improving the use of such systems, should the feasibility and practicability of 
linking be investigated. This research provides knowledge of a suitable format for 
estimating data, so that it can be linked to the other functions with less re-work. 
11.1.4 Data management in contractor organizations 
A survey of 10 case studies in the Sri Lankan Building Construction Industry was used 
to identify the present situation, in the industry and to investigate the problems. 
Although there were number of alternatives available (elemental bill, operational bill, 
etc. ), only the conventional SMM are used to prepare the tender documents. Even for 
Turn-key contracts, an internal B. O. Q. is prepared for management of work. The 
estimate is used throughout the contract by the management'groups, who are 
responsible for management tasks in contractor organizations. Data flows within and 
between management functions, groups and tasks were established in Figures 4.1-4.4. 
Two types of data flows had been observed between tasks depending on the preparation 
of the final estimate. Estimating data were used with substantial re-work, hence the 
present format and presentation can be seen as a major cause of the inefficient flow of 
data. A better data flow results when the estimate is prepared with splitting of the unit 
rate into its cost components. The presentation of breakdowns in the estimate would 
provide better documentation for the other management functions hence would reduce 
the complexities in data management. 
Professionals, in contractors believe that the, current format and presentation of 
estimating data is a reason for inefficient site controlling, site monitoring and cost 
controlling of work. According to them, it would be easier to perform their tasks if the 
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estimate was prepared in an improved manner. Therefore, research which investigates 
possible formats for the estimate to increase the efficiency in contractors by reducing the 
re-work in data use is required. The problem of inefficient data management in the 
U. K. are the same as the problem in Sri Lanka. The major cause for the inefficient data 
management was the format and presentation of the estimating data. The need to 
improve the format and presentation of estimating data is common. 
Although contractors widely use the estimate in their management tasks, the full 
potential is not obtained throughout the contract. The average extent of use of estimate 
in the industry derived from this study was found as just 50%. Substantial re-work was 
involved in the use of information packages for post-tender works in contractor 
organizations. Out of 11 information packages, it was established that; 'quantities', 
#quantity units', and 'unit rates' in the estimate were the areas which needed urgent 
attention to improve the extent of the use of estimating data in contractor organizations. 
The other information packages were found not to be worthwhile investigating based on 
comparison of the total possible use with the improvement required in each of them. It 
is the 'extent of use' and not just the 'use' of the estimating data that should be 
improved to reduce the re-work involved in the data management in contractor 
organizations. This is the prevalent need in the industry. It was based on these 
conclusions that the proposals (explained in Chapter 6) in this research have been 
developed. Proposals in this research are summarized in Section 11.2 of this chapter. 
Any proposal, even if it greatly improved the data management in post-tender works 
would not be appreciated by the estimators if it was tedious to implement in the 
estimating departments. Therefore, the feasibility of administering the proposals at the 
estimating function was investigated in two test projects prior to recommending them to 
the contractors. The proposals formulated, in this research have been accepted by 
practising estimators in the industry as a method which needed negligible extra effort. 
The implementation of these proposals in the contractor organizations is feasible. 
The improvement study (involving 8 case studies) showed that the new approach would 
improve the extent of the use of the estimate for the management tasks, hence would 
reduce the re-work and repetition involved in the post-tender use of the estimate in 
contractor organizations. The new average extent of use of the estimate in the industry 
derived from this study was found as 75%. This new average, when compared with the 
earlier average (50%) showed a 50% possible improvement in the extent of use of the 
estimate, in the industry. ThisIndicates 50% possible reduction of re-work in 
contractor's post-tender use of estimate due to the new approach. The improvement 
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-study also showed that the proposals would improve the extent of the use of the 
information packages, and hence would reduce the re-work and repetition involved in 
the post-tender use of estimate in contractor organizations. Reduction of re-work means 
better data management due to the proposals. 
The live project undertaken to observe the practicability of implementing the proposals 
showed that the new approach would improve the data availability for contractor's 
management tasks. The professionals in the live project had the opportunity to 
experience the proposals in an on-going project, 'hence their feedback on the proposals 
reflected the practicability of adopting the proposals in contractor organizations. It was 
observed in the live project that the new approach was better than the conventional 
estimate for 77% of the data management in contractor's work. The proposals were the 
same as the conventional practice for 23% of data management in contractor's work. 
The professionals had agreed that the proposals were not worse than the conventional 
practice. The new approach would reduce the complexities in data flow in building 
contractor organizations. 
Standardized test statistics calculated in the live project for various aspects of data 
management showed that the new approach is preferred for the conventional estimate 
for every aspect of the contractor's data, management at 5% significance level. The 
results of the live project confirm the results of the improvement study. However, it 
should be noted that these results have been derived from one live project, and hence 
may reflect the experiences of only one organization. It was assumed that, since the live 
project represents the industry, the experiences gained by the professionals in this 
organization would also represent the industry. 
A further independent survey with several professionals was undertaken to observe the 
acceptability of these results in the whole industry. This survey carried out with 33 
professionals from the industry showed that 92% of professionals accept the fact that 
these proposals would improve the extent of use of the estimate and reduce the 
complexity of data flow in contractor organizations. The professionals did not reject any 
of the aspects in the proposals. The acceptance for individual aspects in the proposals 
were found to be; 97% for the coding system, 94% for the resource library, 88% for 
the rate analysis, 91% for the build-up library, 94% for the breakdown of resources, 
91% for the format of the estimate, and 91% for the use of the computer. This survey 
also showed that 89% of professionals in the industry accept the proposals as means of 
improving the data management in all of the management functions of contractor 
organizations. The acceptance for improvement in data management in independent 
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management functions were found to be 96% for estimating, 97% for purchasing, 66% 
for planning, 92% for site management and 93% for quantity surveying. It is concluded 
that the proposals are acceptable to the building construction industry., 
11.2 RECOMMENDATIONS 
The recommendations have been focused on the format of the contractoescopyofthe 
estimate. The basic recommendation is to split the unit rate into its components and to 
provide a breakdown of resource requirements for each bill item. This format is 
recommended to the contractor's copy of the estimate. It should be used only as a 
contractor's internal document which should be given only to his management staff. A 
conventional type estimate, which should be directly generated from the same data files, 
should always be prepared to deal with the client and the consultant. 
In this research, it is recommended to adopt and modify the classification and coding 
system which is related to the organization to develop a common code with pre-defined 
levels to different functions. Subsequent management groups should be able to convert 
the code to corresponding descriptions with little effort, and extract the relevant data 
from the estimate for their functions. The code for resources (material, labour and 
plant), build-ups and bill items should be developed with cross references to each other. 
Cross references to drawings and specifications also should be facilitated. The CAWS 
could be used to develop such a system. The system developed in this research is 
illustrated in Chapter 6 as a guide line. Contractors can follow the method to develop 
their own systems depending on their requirements and existing company practices. 
Libraries are recommended to store the data as resources and build-ups to reduce the 
estimator's effort in data collection on prices, rates, performances, wastes etc. These 
libraries could be directly used for tender pricing in contractors. The best strategy 
would be to maintain a general company library and prepare a contract library for each 
project by updating it. The adoption of these library facilities could provide substantial 
benefits to the estimator in the pricing of bills. However, library items (and codes) 
should be prepared -for general and standard items to avoid the tedious work in 
voluminous libraries. 
Simpler approaches should be adopted in CAE, as illustrated in Chapter 6 to avoid 
complex codings and voluminous libraries. Formation of library items for each possible 
work, and attempts to directly price the bill items by matching with the corresponding 
library items should be avoided. It is recommended to provide the flexibility at the 
268 
tender pricing so that the estimator can either use library rates or develop new rates. The 
problems of implementating individual systems (valuation, cost controlling, etd. ) 
should be investigated and solved before attempting to develop Integrated Systems. 
11.3 FURTHER RESEARCH, 
It was concluded in Chapter 10, that the industry accepts the proposals as means of 
improving data management in contractor's management functions. However, 34% of 
the professionals responded that proposals would not improve the planning 
management function. This is because the proposals do not improve the information 
packages, 'Work Descriptions' and'Working Methods', which in fact affects the tasks 
in the planning management function. Further research is needed to investigate the 
improvement in presentation of these areas of the estimate. As seen in Figures 5.18 and 
9.17, these are the areas (information packages 4 and 5) which need improvement next 
to the packages dealt with in this research. Therefore, the next step would be to improve 
the presentation of work descriptions and working methods in the estimate in order to 
reduce the re-work and repetition involved in contractor's data management. The 
starting point may be taken from the Operational Bill, B. P. F. System or the Builders' 
Quantities. 
This research had identified the re-work and repetition involved in the use of estimating 
data. The proposals have been developed to increase the extent of the use of the 
estimating data to achieve better data management in contractor organizations. It is 
demonstrated in this research that the new approach would reduce the re-work in the 
use of estimate, and increase the efficiency in data management. Now that the efficiency 
in the use of estimating data has been increased, the next phase should be to investigate 
the efficiency in use of other documents such as the programme, material schedules and 
cost targets in order to obtain a more efficient data management system. Furiher 
research should be undertaken to observe the use and extent of use of these documents 
in a contractor's management work. Once the problems of using these documents in 
contractor organizations are solved, and the interfaces and data transfer between them 
are studied, the feasibility of introducing Integrated Systems could be investigated. 
This research introduces a basic classification and coding system related to CAWS for 
resources, build-ups and bill items. The need to achieve a common code which can be 
used by all the management functions was established. The development of a fully 
comprehensive coding structure, which will have different levels for different 
management of work (estimating, purchasing, planning and cost controlling) would be 
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highly appreciated by the industry. Further work on classification and coding to 
resources, build-ups and bill items is recommended. 
Without the computer, the presentation of the breakdowns in the contractor's copy of 
estimate would be laborious. CAE has its own difficulties in using codes and 
voluminous libraries. Estimators often respond that scanning through codes and 
libraries to match the bill items is tedious and time consuming. The application of 
Artificial Intelligence (expert systems) to CAE may solve such problems. Expert 
systems should be developed to advise the estimator on; (1) selecting resources, (2) 
selecting build-ups and usages, and (3) finalizing rates. The 'pricing by the systere 
approach may not be appreciated by the industry since the estimator would like to retain 
his feel for the tender, hence proper investigation should be undertaken on what is 
actually needed in the industry from such systems before attempting development. 
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APPENDIX A 
The questionnaire used for interviews conducted in 10 case studies to observe the 
practices and problems in data management (Chapter 4), is included here. Questions 
have been phrased as guide lines, so that those would lead to constructive discussions, 
disclosing contractors' current 'practices, problems and suggestions. A detailed 
description on the method of conducting the interviews has been given in the Chapter 4. 
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QUESTIONNAIRE 
A. Background of the company 
A. 1 Turnover : ............................... 
A. 2 Number of Employees: 
Direct : ................................ 
Contract : ............................. 
ý Temporary : .......................... 
A. 3 Type of work undertaken: 
A. 3.1 Contract value range : .......................... 
A. 3.2 Category of work: 
k, Consultant ...................................................... 
Contract ......................................................... 
Sub-contract ..................................................... 
-Design and construct .......................................... 
Tenders with BOQ ............................................ 
Specifications and, drawings ................................. 
A. 3.3 Trades of work undertaken or given to s/c : 
Demolition ...................................................... 
Excavation and earth work ................................... 
Piling and Diaphragm walling ............................... 
Concrete work ................................................. 
Brickwork and Blockwork ý .................................. 
Underpinning 
................................................... 
Rubble walling ...... 0 ................... 
Masonry ..................... 0 .............. ................... 
Asphalt work ............................................ 
Roofing ....... 0 ................................................ 
Woodwork ..................................................... 
Structural steel work .......................................... 
Metal work ............... ..................................... 
Plumbing ................................................... . 
Mech. Eng. Installation 
.................................... "" 
Elect. Eng. Installation ........................................ 
Floor, wall & ceiling finishes ................................ 
Glazing ......................................................... 
Painting and Decorating ...................................... 
Fencing ......................................................... 
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B. Personnel involvedo their tasks and use *of documents 
BA Management Functions and staff 
1. Estimating -- Estimator? or ........................................................... 
2. Purchasing -- Purchaser? or ......................................................... 
3. Planning -- Planner? or ............................................................... 
4. Site Management ...................................................................... 
5. Quantity Surveying ................................................................... 
6. Financial Control ....................................................................... 
7. Any other . ............................................................................... 
B. 2 Tasks performed : 
B. 2.1 Estimating 
(a) Taking-off and measuring quantities? (Yes/No) by .............................. 
Do you prepare a BOQ when; 
#a boq is provided by the client? (Yes/No) 
# client asks for a lump sum? (Yes/No) 
# contract is a BPF? (Yes/No) 
# any other ............................................................ 
Do you use any computerized method? .................................... 
Documents use for the task (eg: specification) ............................. 
Do you take advice from others on construction methods? .............. 
Any suggestions to improve (and ease) the task ........................... 
(b) Preparing unit rates? (Yes/No) by .................................................. 
* Do you use a separate library (company) for rates? ....................... 
* Do you use published data (std norms) for rates? ......................... 
* Do you investigate the market (eg: suppliers)? ............................ 
* Any suggestions ý ........................................... ................... 
(c) Pricing the B. O. Q.? (Yes/No) by ...... ! ....................................... 
* Use of computerized systems? .............................................. 
* Use of unit rates? ........... .................................................. 
* Use of operational rates? ..................................................... 
* Do you take advice from purchasing function? ............................ 
* Do you build-up the price from resource requirements? .................. 
* Do you indicate resource requirements for each item? .................... 
* Any deviations from the traditional BOQ. system? ........................ 
* Any suggestions . ............................................................... 
(d) Taking quotations from suppliers, s/c etc. (Yes/No) by ......................... 
* Documents used (eg: BOQ, specification) ................................. 
* To what extent? ................................................................ 
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* Documents prepared and given .............................................. 
(e) l.: Pricing Prime costs? (Yes/No) by ............................................. 
Documents used? ........ ..................................................... 
To what ý extent? ................................................................ 
Do you take any advice from others? ....................................... 
(e) 2. Pricing Provisional sums? (Yes/No) by ........................................ 
* Documents used? ............................................................... 
* To what extent? ý ................................................................ 
* Any, -advice from others? ..................................................... 
(e) 3. Pricing Preliminaries? (Yes/No) by .............................................. 
* Documents used? .............................................................. 
* To what extent? ................................................................ 
*'Any advice, from others? ..................................................... 
(f) Pricing over-heads? (Yes/No) by ................................................... 
* At the end of estimate? ......................................................... 
* Added for each item? ......................................................... 
* Lump sum or a percentage? .. ý .................................................. 
* Included in unit rates? ........................................................ 
* Any suggestions to improve ................................................. 
(g) Incorporating the wastage allowance? (Yes/No) by .............................. 
* Included in' unit rates? ........................................................ 
*A percentage addition for each item? ........................................ 
*A lump sum addition for each item? ........................................ 
* The value is taken from (eg; feedbacks) .................................... 
* Any suggestions ............................................................... 
(h) Pricing the markup/profit (Yes/No) by ............................................ 
* At the end or for each item? .................................................. 
* Do you investigate the market for any standard? .......................... 
* Do you consider the competitors and their bids? '..... _ 
* Do you have a company fixed percentage? ................................. 
* Do you bid with zero or negligible mark-up? ............................. 
* Suggestions on adding mark-up for each element/operation separately 
eg: walls ........ roof ......... 
foundation ........ etc. 
(i) The way of pricing plant, formwork, scaffolding etc. Describe. 
* Re-use of formwork? 
*Plant idling? ý 
* Multi-purpose plant? 
* Plant hire rates of hired in plants? 
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* Own plant cost? 
B. 2.2 Purchasing 
(a) Identification of material requirements (measure? ) (Yes/No) by ................ 
* Use of computer facilities (direct? ) .......................................... 
* Use of documents Estimate? ...................................... 
Specifications? ............................... 
Drawings/ .................................... 
* To what extent the estimate is used? 
# Direct identification? ................................................. 
# Amend and regenerate for the requirement? ....................... 
# Any suggestions to maximize the efficiency? ..................... 
# Comments on Builders' quantities? ................................ 
(b) scheduling the materials for ordering purpose? (Yes/No) by .................... 
Computerized? ................................................................. 
If yes is there direct scheduling from the estimate or different feeding 
of, data is required? .... ; ................................................ 
Documents used? Estimate ....................................... 
Specifications ................................. . 
Drawings ...................................... 
Program/Network ............................ 
To what extent the estimate is used? 
# Direct scheduling from the estimate? ............................... 
# Rates only? ............................................................ 
# Re-generate the material requirement for each item? .............. 
eg; No of Cement bags required for brickwork. 
# Conversion to the purchasing units? ................................ 
#, Any suggestions to improve ........................................ 
# Comments on Builders' Quantities ................................. 
# Allocating wastage, bulking etc ..................................... 
(c) Reviewing the material quotations and potential suppliers? (Yes/No) by ...... 
* Computerized? ................................................................. 
* Use of documents? ...... Estimate? ....... To what extent? .............. 
* Suggestions on incorporating a link between the estimate and supplier 
files? (eg; coding system) .................................................... 
* Obtaining alternative quotations from those used by the estimator? ( to 
obtain faývourable rates) ....................................................... 
(d) Placing the orders (Yes/No) ........................................................ 
* Computerized system? ........................................................ 
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* Competitive quotations? ...................................................... 
* Lead time incorporated? ...................................................... 
* Use of documents? Estimate ....................................... 
Material schedules .......................... 
Programme/Network ........................ 
* Extent of use of above documents? ......................................... 
* Identification of ordering dates? ............................................. 
* Any link between stores and purchasing (Stock control) ................. 
(e) Is there any difference in scheduling and ordering for following items? 
* Bulk items (use in throughout - eg; sand) .................................. 
* Large quantities but in precise period (eg; roof tiles) ..................... 
* Standard materials (eg; doors, window frames) ........................... 
* Special and one-off items (worst effect to the work if not available on 
time r eg; steel truss) .......................................................... 
(f) Plant and equipment hired in/or order (Yes/No) by .............................. 
* Use of documents Estimate ........................................ 
Specifications ............. .................. 
Programme/Network ........................ 
* Computerized? ........ How? ................................................ 
* To what extent the estimate is used? ........................................ 
# Direct identification of plant requirement? ......................... 
# Re-work from the estimate? ......................................... 
# Any suggestions to improve? ....................................... 
# Comments on Builders' Quantities? ............................... 
(g) Reviewing the s/c quotations and potential s/c (Yes/No) by .................... 
" Computerized? ........ How? ................................................ 
*A separate file system? ....................................................... 
" Use of documents? Estimate ....................................... 
Specifications ................................ 
Programme ................................... 
" To what extent the estimate is used? ........................................ 
(h) Making arrangements with S/C for their work? (Yes/No) by ................... 
* Computerized? ....... How? ................................................. 
* Use of documents? Estimate ....................................... 
Specifications ................................. 
Programme ................................... 
* To what extent the estimate is used? ........................................ 
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B. 2.3 Plannine 
(a) Identify the tasks and plan construction methods? (Yes/No) by ................ 
eg; erection of a steel truss 
* Computerized? ........ How? ................................................ 
* Do you take advice from Site Management? ............................... 
* Use of documents? Estimate ....................................... 
Specifications ................................ 
Drawings ...................................... 
S/C programmes ............................. 
Material schedules ........................... 
* Suggestions on preparing the estimate with a rough network so that 
planning can be directly done? ............................................... 
(b) Compiling a time based prograrnme. for the construction works? by .......... 
* Computerized? ..... Direct feeding of data from the estimate? ........... 
* Do you take advice from: (If yes how? ) 
# Site Management -- resource available etc ........................ 
# Purchasing -- possible delivery dates ...................... 
Purchasing schedules ....................... 
* Use of documents? (As above) ............................................... 
* To what extent the estimate is used? (As above) .......................... 
(c) Incorporating the off-site manufacture items, special resources etc by ........ 
" Identification? from the estimate or re-working? .......................... 
" Any suggestions? ............................................................. 
(d) Incorporating Preliminaries in the programme? by ............................... 
Do you use the estimate? ..................................................... 
To what extent? ................................................................ 
(e) Incorporating the procurement of plant (hired in) in the programme? (ie: date 
to be hired in, hire period etc. ) (Yes/No) by ...................................... 
Do you use the estimate? ..................................................... 
To what extent? ................................................................ 
(f) Do you use resource scheduling? (Yes/No) by ................................... 
Computerized? ........ How? ................................................ 
(g) Programme/Network is prepared with detail breakdown of resource 
requirement or duration only? ...................................................... 
(h) Do you have any suggestions on the format of the estimate (bill), if it is to be 
used efficiently for the planning purpose? ......................................... 
eg; Builders Quantities, Schedule of Activities 
('11iose can be directly used to prepare computerized programmes. ) 
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B. 2.4 Site Managcment 
(a) Preparing a programme for the site works? (Yes/No) by ............... t ........ 
* Do you use the programme prepared by planning Dept7 .................. 
* If a separate one, what documents are used? 
Estimate ....................................... 
Programme by planning Dept .............. 
Specifications ............................. etc 
Do you feed into a computer? or the. same computerized system as for 
planning? ....................................................................... 
(b) Scheduling resource requirements 
(i) Material requirement, identify and order? (Yes/No) .................... 
* Computerized? ................................... .............................. 
If yes, do you use the same system as planning or, do you feed again 
with different data? ........................................................... 
* Documents used? Estimate ....................................... 
Programme/Network ........................ 
Purchase schedules .......................... 
Schedules prepared by QS (targets) ....... 
* To what extent the programme is used? .................................... 
* To what extent the estimate is used? ........................................ 
(ii) Plant requirement, assessments and allocation? (Yes/No) ............. 
Repeat above (i) 
(iii) Labour allocation for works? .............................................. 
Repeat above (i) 
(c) Monitor and record actual use of resources and S/C work (Yes/No) by ....... 
(ie; progress of the site work) 
* Computerized? ................................................................. 
* Labour sheets and material invoices ......... I .............................. 
* Documents used? .............................................................. 
* To what extent those be used? ............................................... 
* Suggestions on Builders' Quantities ........................................ 
(easy to record the actual use, note against estimate) 
B. 2.5 Ouantity3urveyingL Financial Control 
(a) Preparing target costs and checking actual costs against estimated (Yes/No) 
(ie; monitoring the contract profitability) by ...................................... 
* Computerized? ...... How? ................................................... 
* Documents used? .............................................................. 
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To what extent the estimate is used? ........................................ 
# Directly? ............. Rates only? ........... 
# Re-work? ............ Split of unit rates? ........................... 
# Any difficulties ? ..................................................... 
To what extent the programme is used? ............. Direct? ............. 
(b) A brief description on format of targets? .......................................... 
eg: Express in terms of manhours allocated and maximum hourly rates to be 
paid along with the total amounts of money available (estimated) for 
each section of work to be allocated by the site manager. 
* Any suggestions on the use of estimate? ................................... 
(c) Preparation of interim valuations for completed, work (Yes/No) by ............ 
* Documents used? ............................................................... 
* To what extent the estimate is used? ........................................ 
(d) The way of getting paid for materials on-site, off-site? .......................... 
(e) Preparing and monitoring cash flow? (Yes/No) .................................. 
* Contractor's cash out flow ................................................... 
* Estimated cash flow ........................................................... 
* Contractor's cash in flow .................................................... 
* Payments to S/C ............................................................... 
* Computerized? ......... If yes, do you need a separate feeding? ........ 
(f) Accommodating variations to the works? (Yes/No) by .......................... 
* Use of estimate? ............................................................... 
* To what extent the estimate is used? ........................................ 
* Suggestions? 
.................................................................... 
* Jf Builders' Quantities are used? ............................................ 
(g) Presenting claims for loss and expense due to above? (Yes/No) by ........... 
* Use of estimate? ............................................................... 
* Suggestions? 
............................................................... ; .... 
ý1 If Builders' Quantities are used? ............................................. 
(h) Preparing the final account by ........................................ .............. 
Use of estimate? ............................................................... 
. -Suggestions? : ..................................................................... 
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B. 2.6 Give a rough figure on flow of measured dat 
eg: I 
--oo-Purchaser 
S, % Higher Management 
Estimator P-Planner 
Quantity Surveyor 
Site Manager 
eg: 2 
I 
Tender 
Programme 
Actual use of 
_Resources Ma- 
Docu ents S& 
Lat 
SO 
Targets 
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C. Managing Contracts Without B. O. Q. 
C. I How do you estimate the work for tendering purpose? 
eg: Preparing a B. O. Q. (intemaUy)? 
Activity Schedule? 
Elemental basis? etc: 
C. 2 Have you experienced any difference to contracts with BOQ? 
C. 3 If the client asks to submit a SOA(BPF) how do you prepare a SOA and measure 
the work? 
* From a firstly prepared BOQ. 
* Preparing a direct schedule but not standard format. 
* By having a standard format for activities. 
CA Comments/ Suggestions on BPF proposals (Specially on SOA) 
C. 5 Do you have any experience on different format bills? 
Eg: Elemental bill,. Operational bill, Activity bill etc. 
Give Comments. 
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D. Use of Computers 
D. 1 Do you use computer to take-off, prepare bill, price estimates etc. 
. 
Briefly explain the process. (Any Software? ) 
D. 2 Do you use computer to site control, planning, cost control etc. 
* Is it the same software or a different one? 
* Any re-work to feed the data? 
D. 3 Comments. 
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APPENDIX B 
Summary of the results of two-way tables prepared in Chapter 5.4.2 is included here. 
For each case study, two tables were prepared to summarize the results in both the 
direction. Average percentage extent of use of estimate for each case study was also 
calculated. 
Tables 
Table (a)s : Use and extent of use of estimate over tasks. 
Table (c)s : Use and extent of use of eachinformation package. 
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B. 1 Case Study I 
(a) Uge and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 40 36.0 90.0 
2 70 64.0 91.4 
3 60 23.0 38.3 
4 30 23.0 76.7 
5 - 0.0 0.0 
6 60 34.5 57.5 
7 30 18.0 60.0 
8 60 44.0 73.3 
9 60 23.0 38.3 
10 30 13.0 43.3 
11 60 30.0 50.0 
12 30 14.0 46.7 
13 -- 0.0 0.0 
14 40 33.0 82.5 
15 40 31.0 77.5 
16 40 28.0 70.0 
17 -- 0.0 0.0 
18 40 38.0 95.0 
19 -- 0.0 0.0 
20 10 10.0 100.0 
21 40 40.0 100.0 
(b) Average percentage extent of use of estimate for the case study I= 70.0%. 
(c) Use and extent of use of each information Dackaze. 
INFORMATION PACKAGE USE EXTENT DIFFERENCE 
1. Times/ Durations 40 13.0 27.0 
2. Preliminaries 50 20.0 30.0 
3. Material Specifications 60 43.0 17.0 
4. Work Descriptions 70 46.0 24.0 
5. Working Methods 70 43.0 27.0 
6. Quantities 130 91.0 39.0 
7. Quantity Units 120 90.0 30.0 
8. Unit Rates 100 86.5 13.5 
9. Provisional Sums 30 23.0 7.0 
10. Prime Cost Sums 50 39.0 11.0 
11. Temporary Works 20 8.0 12.0 
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B. 2 Case Study 3 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 40 21.0 52.5 
-2 60 30.0 50.0 
3 60 20.0 33.3 
4 50 11.0 22.0 
5 50 13.0 26.0 
6 30 8.0 26.7 
7 50 19.0 38.0 
8 . 50 
20.0 40.0 
9 60 27.0 45.0 
10 60 26.0 43.3 
11 60 29.0 48.3 
12 30 17.0 56.7 
13 50 18.0 36.0 
14 60 10.0 16.7 
15 50 9.0 18.0 
16 50 13.0 26.0 
17 70 12.0 17.1 
18 70 36.0 51.4 
19 -- 0.0 0.0 
20 60 24.0 40.0 
21 70 39.0 55.7 
(b) Average percentage extent of use of estimate for the case study 3= 37.1%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE EXTENT DIFFERENCE 
1. Times/ Durations 30 0 21.0 
2. Preliminaries 50 30.0 20.0 
3. Material Specifications 90 32.0 58.0 
4. Work Descriptions 130 55.0 75.0 
5. Working Methods 120 53.0 67.0 
6. Quantities 190 67.0 123.0 
7. Quantity Units 190 61.0 129.0 
8. Unit Rates 160 49.0 111.0 
9. Provisional Sums 30 14.0 16.0 
10. Prime Cost Sums 60 26.0 34.0 
11. Temporary Woiks 30 6.0 24.0 
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B. 3 Case Study 4 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 50 27.0 54.0 
2 60 27.0 45.0 
3 60 20.0 33.3 
4 40 14.0 35.0 
5 -- 0.0 0.0 
6 40 9.0 22.5 
7 40 16.0 40.0 
8 50 23.0 46.0 
9 60 30.0 50.0 
10 60 30.0 50.0 
11 30 16.0 53.3 
12 40 19.0 47.5 
13 50 16.0 32.0 
14 60 10.0 16.7 
15 50 15.0 30.0 
16 50 23.0 46.0 
17 80 16.0 20.0 
18 70 41.0 58.6 
19 -- 0.0 0.0 
20 60 25.0 41.7 
21 70 41.0 58.6 
(b) Average percentage extent of use of estimate for the case study 4= 41.1%. 
(c) Use and extent of use of each information vackage. 
INFORMATION PACKAGE USE EXTENT - - 
DIFFERENCE 
1. Times/ Durations 30 157 15.0 
2. Preliminaries 40 23.0 17.0 
3. Material Specifications 60 20.0 40.0 
4. Work Descriptions 110 49.0 61.0 
5. Working Methods 130 58.0 72.0 
6. Quantities 180 75.0 105.0 
7. Quantity Units 180 68.0 112.0 
8. Unit Rates 160 54.0 106.0 
9. Provisional Sums 40 20.0 20.0 
10. Prime Cost Sums 50 22.0 28.0 
11. Temporary Works 40 14.0 26.0 
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BA Case Study 5 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 80 47.0 58.8 
2 70 44.0 62.9 
3 70 38.0 54.3 
4 50 27.0 54.0 
5 - 0.0 0.0 
6 60 40.0 66.7 
7 50 14.0 28.0 
8 40 26.0 65.0 
9 80 40.0 50.0 
10 90 62.0 68.9 
11 90 48.0 53.3 
12 60 31.0 51.7 
13- 80 41.5 51.9 
14 80 43.0 53.8 
15 90 49.0 54.4 
16 90 48.0 53.3 
17 90 47.0 52.2 
18 60 31.0 51.7 
19 110 50.0 45.5 
20 60 29.0 48.3 
21 100 46.0 46.0 
(b) Average percentage extent of use of estimate for the case study 5= 53.5%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE EXTENT DIFFERENCE 
1. Times/ Durations 190 67.0 123.0 
2. Preliminaries 150- 59.0 91.0 
3. Material Specifications 180 96.0 84.0 
4. Work Descriptions 200 111.0 89.0 
5. Working Methods 140 58.5 81.5 
6. Quantities 200 145.0 55.0 
7. Quantity Units 160 114.0 46.0 
8. Unit Rates 150 93.0 57.0 
9. Provisional Sums 20 10.0 10.0 
10. Prime Cost Sums 20 10.0 10.0 
11. Temporary Works 90 38.0 52.0 
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B. 5 Case Study 6 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 50 29.5 59.0 
2 50 32.0 64.0 
3 70 26.5 37.9 
4 70 36.0 51.4 
5 -- 0.0 0.0 
6 30 20.0 66.7 
7 30 13.0 43.3 
8 60 19.0 31.7 
9 50 32.0 64.0 
10 70 51.5 73.6 
11 40 36.0 90.0 
12 40 20.0 50.0 
13 40 13.0 32.5 
14 50 7.5 15.0 
15 20 9.0 45.0 
16 80 65.0 81.3 
17 90 31.0 34.4 
18 50 35.0 70.0 
19 100 51.0. 51.0 
20 50 40.0 80.0 
21 60 55.0 91.7 
(b) Average percentage extent of use of estimate for the case study 6= 56.6%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE EXTENT DIFFERENCE 
1. Times/ Durations 40 23.5 16.5 
2. Preliminaries 90 79.0 11.0 
3. Material Specifications 70 35.5 34.5 
4. Work Descriptions 100 42.0 58.0 
5. Working Methods 90 49.0 41.0 
6. Quantities 140 . 91.0 49.0 7. Quantity Units 130 78.5 51.5 
8. Unit Rates 130 70.0 60.0 
9. Provisional Sums 110 36.0 74.0 
10. Prime Cost Sums 80 31.5 48.5 
11. Temporary Works 120 86.0 34.0 
315 
B. 6 Case Study 7 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 50 31.5 63.0 
2 50 35.0 70.0 
3 40 16.5 41.3 
4 50 21.5 43.0 
5 50 33.0 66.0 
6 50 20.0 40.0 
7 30 16.0 53.3 
8 -- 0.0 0.0 
9 30 21.5 71.7 
10 30 13.0 43.3 
11 50 29.0 58.0 
12 30 16.0 53.3 
13 50 26.5 53.0 
14 20 2.0 10.0 
15 40 6.5 16.3 
16 30 4.0 13.3 
17 0.0 0.0 
18 30 17.0 56.7 
19 -- 0.0 0.0 
20 30 13.0 43.3 
21 70 38.0 54.3 
(b) Average percentage extent of use of estimate for the case study 7= 47.2%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE 
- 
EXTENT DIFFERENCE 
1. Times/ Durations 96- 39.5 50.5 
2. Preliminaries 20 15.0 5.0 
3. Material Specifications 70 55.0 15.0 
4. Work Descriptions 40 28.0 12.0 
5. Working Methods 50 24.0 26.0 
6. Quantities 180 66.5 113.5 
7. Quantity Units 150 68.5 81.5 
8. Unit Rates 100 55.5 44.5 
9. Provisional Sums 10 6.0 4.0 
10. Prime Cost Sums 10 1.0 9.0 
11. Temporary Works 10 1.0 9.0 
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B. 7 Case Study 8' 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 50 28.0 56.0 
2 60 32.0 53.3 
3 60 20.0 33.3 
4 40 17.5 43.8 
5 -- 0.0 0.0 
6 40 18.0 45.0 
7 40 18.0 45.0 
8 60 30.0 50.0 
9 60 31.5 52.5 
10 60 35.5 59.2 
11 40 24.0 60.0 
12 40 25.0 62.5 
13 -- 0.0 
14 50 6.0 12.0 
15 50 12.5 25.0 
16 50 23.0 46.0 
17 -- 0.0 0.0 
18 70 43.0 61.4 
19 - 0.0 0.0 
20 70 26.0 37.1 
21 70 48.0 68.6 
(b) Average percentage extent of use of estimate for the case study 8= 47.7%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE EXTENT DIFFERENCE 
1. Times/ Durations 17.5 12.5 
2. Preliminaries 70 51.0 19.0 
3. Material Specifications 70 39.0 31.0 
4. Work Descriptions 100 43.0 57.0 
5. Working Methods 100 48.0 52.0 
6. Quantities 160 73.5 86.5 
7. Quantity Units 150 61.5 88.5 
8. Unit Rates 130 47.5 82.5 
9. Provisional Sums 30 19.0 11.0 
10. Prime Cost Sums 40 24.0 16.0 
11. Temporary Works 30 14.0 16.0 
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B. 8 Case Study 10 
(a) Use and extent of use of estimate over tasks. 
TASK NO. USE EXTENT % OF EXTENT 
1 50 29.0 58.0 
2 50 30.0 60.0 
3 60 19.0 31.7 
4 40 18.0 45.0 
5 -- 0.0 0.0 
6 50 22.0 44.0 
7 30 16.0 53.3 
8 50 26.0 52.0 
91- 50 29.0 58.0 
10 60 38.0 63.3 
11 40 28.0 70.0 
12 30 20.0 66.7 
13 50 14.0 28.0 
14 50 6.0 12.0 
15 50 11.0 22.0 
16 60 30.0 50.0 
17 70 11.0 15.7 
48 70 44.0 62.9 
19 90 38.0 42.2 
20 60 26.0 43.3 
21 70 50.0 71.4 
(b) Average percentage extent of use of estimate for the case study 10 = 47.5%. 
(c) Use and extent of use of each information package. 
INFORMATION PACKAGE USE 
- - 
EXTENT DIFFERENCE 
1. Times/ Durations 7 16.0 14.0 
2. Preliminaries 90 70.0 20.0 
3. Material Specifications 70 35.0 35.0 
4. Work Descriptions 120 52.0 68.0 
5. Working Methods 110 55.0 55.0 
6. Quantities 190 87.0 103.0 
7. Quantity Units 180 74.0 106.0 
8. Unit Rates 140 54.0 86.0 
9. Provisional Sums 50 22.0 28.0 
10. Prime Cost Sums 60 27.0 33.0 
11. Temporary Works 40 13.0 27.0 
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APPENDIX C 
Summary of the results of two-way tables prepared in Chapter 9.2.4 is included here. 
For each case study, two tables were prepared to summarize the results in both the 
direction. Earlier results calculated in Chapter 5.4.2 and summarized in Appendix B, 
also can be seen in these tables because of the inclusion of the 'earlier use! and the 
'earlier extent of use' in the two-way tables. 'New average percentage extent of use of 
estimate' and'New average percentage extent of use of estimate corresponding to the 
earlier use' for each case study were also calculated. 
Tables 
Table (a)s : Use and extent of use of estimate over tasks. 
Table (c)s : Use and'extent of use of each information package. 
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C. 1 Case Study I 
(a) Use and extent of use of estimate over tasks. 
EARUER NEW NEW EXT. OF E. USE 
TASK NO. USE EXTENT %EXITNr USE EXTENT %EXIINr EXTENT % EXTENT 
1 
. 
40 36.0 90.0 40 37.0 92.5 37.0 92.5 
2 70 64.0 91.4 70 66.0 94.3 66.0 94.3 
3 60 23.0 38.3 60 46.0 76.7 46.0 76.7 
4 30 23.0 76.7 50 42.0 84.0 30.0 100.0 
5 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
6 60 34.5 57.5 60 50.0 83.3 50.0 83.3 
7 30 18.0 60.0 50 45.0 90.0 25.5 85.0 
8 60 44.0 73.3 60 52.0 86.7 52.0 86.7 
9 60 23.0 38.3 60 28.0 46.7 28.0 46.7 
10 30 13.0 43.3 50 35.5 71.0 21.0 70.0 
it 60 30.0 50.0 60 39.0 65.0 -39.0 65.0 
12 30 14.0 46.7 40 38.5 96.3 29.0 96.7 
13 0.0 0.0 -- 0.0 0.0 0.0 0.0 
14 40 33.0 82.5 40 39.0 97.5 39.0 97.5 
15 40 31.0 77.5 40 36.0 90.0 36.0 90.0 
16 40 28.0 70.0 50 46.0 92.0 36.0 90.0 
17 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
18 40 38.0 95.0 40 38.0 95.0 38.0 95.0 
19 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
20 10 10.0 100.0 10 10.0 . 100.0 10.0 100.0 
21 40 40.0 100.0 40 40.0 100.0 40.0 100.0 
(b) 1. New average percentage extent of use of estimate for the case study I= 85.9%. 
2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study 1= 86.4%. 
(c) Use and extent of use of each infonmation package. 
EARIJER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE EXTINT' DIFFER. USE EXIEW DIFFER. EXTENT' DIFFER. 
1 40 13.0 27.0 40 19.0 21.0 19.0 21.0 
2 50 20.0 30.0 50 32.5 17.5 32.5 17.5 
3 60 43.0 17.0 80 64.0 16.0 51.0 9.0 
4 70 46.0 24.0 70 52.0 18.0 52.0 18.0 
5 70 43.0 27.0 80 55.0 25.0 51.0 19.0 
6 130 91.0 39.0 130 126.5 3.5 126.5 3.5 
7 120 90.0 30.0 140 136.5 3.5 117.5 2.5 
8 100 86.5 13.5 130 128.5 1.5 99.0 1.0 
9 30 23.0 7.0 30 24.0 6.0 24.0 6.0 
10 50 39.0 11.0 50 41.0 9.0 41.0 9.0 
11 20 8.0 12.0 20 9.0 11.0 9.0 11.0 
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C. 2 Case Study 3 
(a) Use and extent of use of estimate over tasks. 
EARUER NEW NEW EXT. OF E. USE 
TASKNO. USE EXTENT 9', EXTENT USE EXTENT 'YoEXIUqr EXTENT 
I 
clo EXTENT 
1 40 21.0 52.5 40 32.5 81.3 32.5 81.3 
2 60 30.0 50.0 60 44.5 74.2 44.5 74.2 
3 60 20.0 33.3 60 41.0 68.3 41.0 68.3 
4 50 11.0 22.0 50 31.0 62.0 , 31.0 62.0 
5 50 13.0 26.0 60 40.0 66.7 35.0 70.0 
6 30 8.0 26.7 40 29.0 72.5 21.0 70.0 
7 50 19.0 38.0 60 41.0 68.3 33.0 66.0 
8 50 20.0 40.0 50 30.0 60.0 30.0 60.0 
9 60 27.0 45.0 60 31.0 51.7 31.0 51.7 
10 60 26.0 43.3 60 43.0 71.7 43.0 71.7 
11 60 29.0 48.3 60 41.0 68.3 41.0 68.3 
12 30 17.0 56.7 40 27.0 67.5 19.0 63.3 
13 50 18.0 36.0 50 35.0 70.0 35.0 70.0 
14 60 10.6 16.7 60 40.0 66.7 40.0 66.7 
15 50 9.0 18.0 50 36.0 72.0 36.0 72.0 
16 50 13.0 26.0 50 37.0 74.0 37.0 74.0 
70 12.0 17.1 70 43.0 61.4 43.0 61.4 
is 70 36.0 51.4 70 49.0 70.0 49.0 70.0 
19 0.0 0.0 0.0 0.0 0.0 0.0 
20 60 24.0 40.0 60 40.0 66.7 40.0 66.7 
21 70 39.0 -55.7 80 55.0 68.8 48.0 68.6 
(b) 1. New average percentage extent of use of estimate for the case study 3= 68.1%. 
I New average percentage extent of use of estimate corresponding to earlier use*for 
the case study 3= 67.8%. 
ýc) Use and extent of use of each information package. 
EARIJER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE EXTEW DIFFER. USE EXITW DIFFER. EXrENT DIFFER. 
1 30 9.0 21.0 30 10.0 20.0 10.0 20.0 
2 50 30.0 20.0 50 31.0 19.0 31.0 19.0 
3 90 32.0 58.0 100 59.0 41.0 52.0 38.0 
4 130 55.0 75.0 130 71.0 59.0 71.0 59.0 
5 120 53.0 67.0 130 70.0 60.0 65.0 55.0 
6 190 67.0 123.0 200 169.0 31.0 161.0 29.0 
7 190 61.0 129.0 190 153.5 36.5 153.5 36.5 
8 160 49.0 111.0 180 137.5 42.5 121.5 38.5 
9 30 14.0 16.0 30 18.0 12.0 18.0 12.0 
10 60 26.0 34.0 60 33.0 27.0 33.0 27.0 
11 30 -6.0 24.0 30 14.0 16.0 14.0 16.0 
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C. 3 Case Study 4 
(a) Use and extent of use of estimate over tasks. 
EARUER NEW NEW EXT. OF E. USE 
TASK NO. USE EXIEW 9'cEXITM USE EXTENr 9, ', EXTENr EXITNr % EXTENr 
1 50 27.0 54.0 50 38.0 76.0 
- 
38.0 76.0 
2 60 27.0 45.0 60 40.0 66.7 40.0 76.7 
3 60 20.0 33.3 60 44.0 73.3 44.0 73.3 
4 40 14.0 35.0 40 34.0 85.0 34.0 85.0 
5 - 0.0 0.0 0.0 0.0 0.0 0.0 
6 40 9.0 22.5 40 30.0 75.0 30.0 -75.0 
7 40 16.0 40.0 50 34.0 68.0 27.0 67.5 
8 50 23.0 46.0 50 32.0 64.0 32.0 64.0 
9 60 30.0 50.0 60 34.0 56.7 34.0 56.7 
10 60 30.0 50.0 60 43.0 71.7 43.0 71.7 
11 30 16.0 53.3 40 28.0 70.0 22.0 73.3 
12 40 19.0 47.5 50 31.5 63.0 25.5 63.8 
13 50 16.0 32.0 50 -33.0 66.0 33.0 66.0 
14 60 10.0 16.7 60 42.5 70.8 42.5 70.8 
15 50 15.0 30.0 50 33.5 67.0 33.5 67.0 
16 50 23.0 46.0 50 37.5 75.0 37.5 75.0 
17 80 16.0 20.0 80 52.5 65.6 52.5 65.6 
18 70 41.0 58.6 70 49.0 70.0 49.0 70.0 
19 - 0.0 0.0 - 0.0 0.0 0.0 0.0 
20 60 25.0 41.7 60 34.0 56.7 34.0 56.7 
21 70 41.0 58.6 , 70 52.0 74.3 52.0 , 74.3 
(b) 1. New average percentage extent of use of estimate for the case study 4= 69.2%. 
, 2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study 4= 69.4%. 
(c) Use and extent of use of each information package. 
EARLIER NEW NEW EXr. OF E. USE 
INFOR. PAC. USE EVrENr 
I 
DIFFER. USE EXTEgr DIFFER. EXTENr DIFFER. 
1 30 15.0 15.0 30 15.0 15.0 15.0 15.0 
2 40 23.0 17.0 40 28.5 11.5 28.5 11.5 
3 60 20.0 40.0 70 50.0 20.0 44.0 16.0 
4 110 49.0 61.0 110 60.5 49.5 60.5 49.5 
5 130 58.0, 72.0 130 70.5 59.5 70.5 59.5 
6 180 75.0 105.0 190 155.5 34.5 149.5 30.5 
7 180 68.0 112.0 180 140.0 40.0 140.0 40.0 
8 160 54.0 106.0 170 123.5 46.5 116.5 43.5 
9 40 20.0 20.0 40 24.0 16.0 24.0 16.0 
10 50 22.0 28.0 50 31.0 19.0 31.0 19.0 
11 40 14.0 26.0 40 24.0 16.0 24.0 16.0 
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CA Case Study 5 
(a) Use and extent of use of estimate over tasks. 
EARLIER NEW NEW EXT. OF E. USE 
TASK*NO. USE EXIENr %EX= USE EXrENr c/cEXrEMr EXTENr % EXTENr 
1 80 47.0 58.8 80 62.0 77.5 62.0 77.5 
2 70 44.0 62.9 70 56.0 80.0 56.0 80.0 
3 70 38.0 54.3 70 52.5 75.0 52.5 75.0 
4 50 27.0 54.0 70 57.5 82.1 38.0 76.0 
5 - 0.0 0.0 50 39.0 78.0 0.0 0.0 
6 60 40.0 66.7 70 57.0 81.4 48.5 80.8 
7 50 14.0 28.0 70 48.0 68.6 33.0 66.0 
8 40 26.0 65.0 40 30.5 76.3 30.5 76.3 
9 80 40.0 50.0 80 45.5 56.9 45.5 56.9 
10 90 02.0 68.9 90 74.0 82.2 74.0 82.2 
11 90 48.0 53.3 90 63.0 70.0 63.0 70.0 
12 60 31.0 51.7 70 45.0 64.3 -40.0 66.7 
13 80 41.5 51.9 80 56.5 70.6 5.6.5 70.6 
14 80 43.0 53.8 80 59.0 73.8 59.0 73.8 
15 90 49.0 54.4 90 62.0 68.9 62.0 68.9 
16 90 48.0 53.3 90 65.0 72.2 65.0 72.2 
17 90 47.0 52.2 90 56.5 62.8 56.5 62.8 
18 60 31.0 51.7 70 49.0 70.0 41.0 68.3 
19 110 50.0 45.5 110 70.0 63.6 70.0 63.6 
20 60 29.0 48.3 60 41.0 68.3 41.0 68.3 
21 100 46.0 46.0 110 75.0 68.2 66.0 66.0 
(b) 1. New average percentage extent of use of estimate for the case study 5= 71.9%. 
2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study I=71.1%. 
(c) Use and extent of use of each information vackage. 
EARL11ER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE EXlTNr 
I 
DIFFER. USE EXrENr DIFFER. EXTENT' DIFFER. 
1 190 67.0 123.0 190 96.0 94.0 96.0 94.0 
2 150 59.0 91.0 150 83.0 67.0 83.0 67.0 
3 180 96.0 84.0 210 168.0 42.0 147.0 33.0 
4 200 111.0 89.0 210 132.0 78.0 - 127.0 73.0 5 140 58.5 81.5 140 80.0 60.0 80.0 60.0 
6 200 145.0 55.0 210 194.0 16.0 185.0 15.0 
7 160 114.0 46.0 200 178.0 22.0 142.0 18.0 
8 150 93.0 57.0 190 159.0 31.0 126.0 24.0 
9 20 10.0 10.0 20 12.5 7.5 12.5 7.5 
10 20 10.0 10.0 20 12.5 7.5 12.5 7.5 
11 90 38.0 52.0 90 49.0 41.0 49.0 
. 
41.0 
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C. 5 Case Study 6 
(a) Use and extent of use of estimate over tasks. 
EARIJER NEW NEW EXT. OF E. USE 
TASKNO. USE EXTENr cloEXTINT USE EXTENr cloEXTENr EXIEW 
I 
% EXTENr 
1 50 29.5 59.0 100 72.0 72.0 47.0 94.0 
2 50 32.0 64.0 90 67.5 75.0 44.5 89.0 
3 70 26.5 37.9 70 54.0 77.2 54.0 77.2 
4 70 36.0 51.4 70 60.0 85.7 60.0 85.7 
5 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
6 30 20.0 66.7 60 47.0 78.3 25.0 83.3 
7 30 13.0 43.3 70 52.0 74.3 24.0 80.0 
8 60 19.0 31.7 90 54.0 60.0 33.5 55.8 
9 50 32.0 64.0 100 66.5 66.5 38.5 77.0 
10 70 51.5 73.6 80 67.5 84.4 59.5 85.0 
11 40 36.0 90.0 80 73.0 91.3 38.0 95.0 
12 40 20.0 50.0 40 27.0 67.5 27.0 67.5 
13 40 13.0 32.5 50 36.0 72.0 30.0 75.0 
14 50 7.5 15.0 80 62.5 78.1 43.0 86.0 
15 20 9.0 45.0 20 14.0 70.0 14.0 70.0 
16 80 65.0 81.3 too 86.0 86.0 72.0 90.0 
17 90 31.0 34.4 90 55.5 61.7 55.5 61.7 
18 50 35.0 70.0 50 41.0 82.0 41.0 82.0 
19 100 51.0 51.0 100 69.5 69.5 69.5 69.5 
20 50 40.0 80.0 50 40.0 80.0 40.0 80.0 
21 60 55.0 91.7 60 57.5 95.8 57.5 95.8 
(b) 1. New average percentage extent of use of estimate for the case study 6= 76.4%. 
2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study 4= 80.0%. 
(c) Use and extent of use of each information package. 
EARUER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE EXIEW DIFFER. USE MENT DIFFER. EXTEXr- DIFFER. 
1 40 23.5 16.5 70 52.0 18.0 27.0 13.0 
2 90 79.0 11.0 120 98.0 22.0 79.0 11.0 
3 70 35.5 34.5 80 64.0 16.0 62.0 8.0 
4 100 42.0 58.0 140 101.0 39.0 75.0 25.0 
5 90 49.0 41.0 120 86.0 34.0 64.5 25.5 
6 140 91.0 49.0 170 146.5 23.5 123.5 16.5 
7 130 78.5 51.5 170 140.5 29.5 114.5 15.5 
8 130 70.0 60.0 160 127.5 32.5 109.5 20.5 
9 110 36.0 74.0 140 87.0 53.0 68.0 42.0 
10 80 31.5 48.5 110 75.0 35.0 55.5 24.5 
11 120 86.0 1 34.0 170 125.0 45.0 95.0 1 25.01 
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C. 6 Case Study 7 
(a) Use and extent of use of estimate over tasks. 
EARLIER NEW NEW EXT. OF E. USE 
TASKNO. USE EXI c/cEXrENr USE EXre4r IENI' MEW % EXTENr 
1 50 31.5 63.0 50 39.5 79.0 39.5 79.0 
2 50 35.0 70.0 50 41.5 83.0 41.5 83.0 
3 40 16.5 41.3 40 
. 
33.0 82.5 33.0 82.5 
4 50 21.5 43.0 50 44.0 88.0 44.0 88.0 
5 50 33.0 66.0 60 51.0 85.0 43.0 86.0 
6 50 20.0 40.0 50 37.5 75.0 37.5 75.0 
7 30 16.0 53.3 60 40.0 66.7 19.0 63.0 
8 - 0.0 0.0 - 0.0 0.0 0.0 0.0 
9 30 21.5 71.7 50 40.0 80.0 24.0 80.0 
10 30 13.0 43.3 60 39.0 65.0 22.0 73.3 
11 50 29.0 58.0 60 41.0 68.3 35.0 70.0 
12 30 16.0 53.3 40 31.0 77.5 23.0 76.7 
13 50 26.5 53.0 60 46.0 76.7 37.0 74.0 
14 20 2.0 10.0 50 38.0 76.0 18.0 90.0 
15 40 6.5 16.3 50 42.0 84.0 33.0 82.5 
16 30 4.0 13.3 50 39.0 78.0 25.0 83.3 
17 - 0.0 0.0 , 40 32.0 80.0 0.0 0.0 
18 30 17.0 56.7 30 24.0 80.0 24.0 80.0 
19 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
20 30 13.0 43.3 30 19.0 63.3 19.0 63.3 
21 70 38.0 54.3 70 64.0 91.4 64.0' , 91.4 
(b) 1. New average percentage extent of use of estimate for the case study 7= 77.9%. 
2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study 7= 78.9%. 
(c) Use and extent of use of each information package. 
EARIJER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE MaENr 
I 
DIFFER. USE EXI"Wr DIFFER. EXTENT' DIFFER. 
1 90 39.5 50.5 110 66.5 43.5 56.5 33.5 
2 20 15.0 5.0 20 18.0 2.0 18.0 2.0 
3 70 55.0 15.0 90 71.0 19.0 57.0 13.0 
4 40 28.0 12.0 60 39.5 20.5 29.5 10.5 
5 50 24.0 26.0 80 56.0 24.0 37.0 13.0 
6 180 66.5 113.5 190 159.0 31.0 151.0 29.0 
7 150 68.5 81.5 190 158.5 31.5 126.5 23.5 
8 100 55.5 44.5 180 148.0 32.0 81.0 19.0 
9 10 6.0 4.0 10 7.0 3.0 7.0 3.0 
10 10 1.0 9.0 10 9.0 1.0 9.0 1.0 
lo 1.0 9.0 10 9.0 1.0 9.0 1.0 
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C. 7 Case Study 8 
(a) Use and extent of use of estimate over tasks. 
EARTJER NEW NEW EXr. OF E. USE 
TASK NO. USE MEW %EXrENT USE EXTINT 9o'EXlUqT MEW %EXTENr 
1 50 28.0 56.0 50 37.0 74.0 37.0 74.0 
2 60 32.0 53.3 60 44.0 73.3 44.0 73.3 
3 60 20.0 33.3 60 42.0 70.0 42.0 70.0 
4 40 17.5 43.8 40 34.5 86.3 34.5 86.3 
5 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
6 40 18.0 45.0 40 30.0 75.0 30.0 75.0 
7 40 18.0 45.0 60 41.0 68.3 25.5 63.8 
8 60 30.0 50.0 60 42.0 70.0 42.0 70.0 
9 60 31.5 52.5 60 35.0 58.3 35.0 58.3 
10 60 35.5 59.2 60 46.0 76.7 46.0 76.7 
11 40 24.0 60.0 50 36.5 73.0 31.5 78.8 
12 40 25.0 62.5 50 33.0 66.0 27.0 67.5 
13 - 0.0 0.0 - 0.0 0.0 0.0 0.0 
14 50 6.0 12.0 50 39.5 79.0 39.5 79.0 
15 50 12.5 25.0 50 34.0 68.0 34.0 68.0 
16 50 23.0 46.0 50 37.5 75.0 37.5 75.0 
17 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
18 70 43.0 61.4 70 50.5 72.2 50.5 72.2 
19 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
20 70 26.0 37.1 70 45.0 64.3 45.0 64.3 
21 70 48.0 68.6 80 62.0 77.5 54.0 77.2 
(b) 1. New average percentage extent of use of estimate for the case study 8= 72.2%. 
2., New average percentage extent of use of estimate corresponding to earlier use for 
the case study 4= 72.3%. 
(c) Use and extent of use of each information package. 
EARUER NEW' NEW EXT. OF E. USE 
INFOR. PAC. USE MEW DIFFER. USE EXTENr DIFFER. EXTENr 
I 
DIFFER. 
1 30 17.5 12.5 30 17.5 12.5 17.5 12.5 
2 70 51.0 19.0 70 51.0 19.0 51.0 19.0 
3 70 39.0 31.0 90 71.5 18.5 63.5 6.5 
4 100 43.0 57.0 100 54.0 46.0 54.0 46.0 
5 100 48.0 52.0 110 61.0 49.0 56.0 44.0 
6 160 73.5 86.5 170 142.5 27.5 136.5 23.5 
7 150 61.5 88.5 160 128.0 32.0 120.0 30.0 
8 130 47.5 82.5 140 107.0 33.0 99.5 30.5 
9 30 19.0 11.0 30 19.0 11.0 19.0 11.0 
10 40 24.0 16.0 30 20.0 10.0 20.0 20.0 
11 1 30 1 14.0 1 16.0 1 30 18.0 12.0 18.0 12.0 
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C. 8 Case Study 10 
(a) Use and extent of use of estimate over tasks. 
EARUER NEW NEW EXT. OF E. USE 
TASK NO. USE EXTENr %EXrWr USE EMNr %EXTIWr EXrENT % EXTENT 
1 50 29.0 58.0 50 38.0 76.0 38.0 76.0 
2 50 30.0 60.0 50 39.0 78.0 39.0 78.0 
3 60 19.0 31.7 60 40.0 66.7 40.0 66.7 
4 40 18.0 45.0 40 34.0 85.0 34.0 85.0 
5 - 0.0 0.0 -- 0.0 0.0 0.0 0.0 
6 50 22.0 44.0 60 41.0 68.3 33.5 67.0 
7 30 16.0 53.3 50 35.5 71.0 22.5 75.0 
8 50 26.0 52.0 50 35.0 70.0 35.0 70.0 
9 50 29.0 58.0 50 32.5 65.0 32.5 65.0 
10 60 38.0 63.3 60 47.0 78.3 47.0 78.3 
11 40 28.0 70.0 40 30.5 76.3 30.5 76.3 
12 30 20.0 66.7 40 28.5 71.3 21.0 70.0 
13 50 14.0 28.0 60 39.5 65.8 32.5 65.0 
14 50 6.0 12.0 50 39.5 79.0 39.5 79.0 
15 50 11.0 22.0 50 35.5 71.0 35.5 71.0 
16 60 30.0 50.0 60 48.0 80.0 48.0 80.0 
17 70 11.0 15.7 70 48.5 69.3 48.5 69.3 
18 70 44.0 62.9 70 52.0 74.3 52.0 74.3 
19 90 38.0 42.2 100 68.0 68.0 60.0 66.7 
20 60 26.0 43.3 70 46.0 65.7 39.0 65.0 
21 70 50.0 71.4 70 54.0 77.2 54.0 77.2 
(b) 1. New average percentage extent of use of estimate for the case study 10 = 72.8%. 
2. New average percentage extent of use of estimate corresponding to earlier use for 
the case study 10 = 72.7%. 
(c) Use and extent of use of each information package. 
EARIJER NEW NEW EXT. OF E. USE 
INFOR. PAC. USE EX7Mqr 
I 
DIFFER. USE EXTEW DIFFER. EXTENr DIFFER. 
1 30 16.0 14.0 30 16.0 14.0 16.0 14.0 
2 90 70.0 20.0 90 70.0 20.0 70.0 20.0 
3 70 35.0 35.0 90 70.5 19.5 55.5 14.5 
4 120 52.0 68.0 120 69.0 51.0 69.0 51.0 
5 110 55.0 55.0 120 73.0 47.0 73.0 37.0 
6 190 87.0 103.0 200 170.5 29.5 163.0 27.0 
7 180 74.0 106.0 190 151.0 39.0 144.0 36.0 
8 140 54.0 86.0 160 117.0 43.0 96.5 43.5 
9 50 22.0 28.0 50 30.0 20.0 30.0 20.0 
10 60 27.0 33.0 60 40.0 20.0 40.0 20.0 
11 40 13.0 27.0 40 25.0 15.0 25.0 15.0 
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